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How Meet 


Shortage of Materials. 
Towards the end of last year Herr M. Esher gave 
an interesting Paper before the German Society of 
Engineers. He entitled his Paper ‘The Foundry 
During the Last Twenty Years,’’ but in his opening 
remarks he almost entirely confines himself to the 
later war years and early peace years, when there 
appeared to be a distinct shortage of what one 
would imagine to be essential commodities. For 
instance, the author cites a case of a locomotive 
builder who successfully replaced a British ‘ cold 
air ’’ iron by a 30 per cent, semi-steel mixture, 
the steel being in the form of briquetted turnings, 
a type of scrap cheaper than the cheapest of pig- 
irons. The new material gave tests so much higher 
than the specification that the foundry ‘had diffi- 
culty in getting it passed. 


as retort carbon, 


The from the use of 4 per 
cent. Manganese pig-iron when making semi-steel 
is stated to ‘be universally known, especially for 
castings to ‘be high-pressure tested. The war 
forced the Germans to use great quantities of 
turnings, and following this pig-irons very low 
in silicon were produced. Ferro-silicon was resorted 
to for the purpose of its reintroduction into the 
cast iron. It was found that the 50 per cent. ferro- 
silicon suffered large losses through oxidation and 
its friability. This difficulty was overcome by 
encasing the ferro-silicon in a cement, so as to 
prevent any loss until it reached the zone of 
fusion. This method was extended to take in 
other alloys, 

High-sulphur coke was a further trouble cited 
by Herr Esher, and it is only just recently that 
any practical process has been devised for its 
elimination, which even then can only be used 
when ferrous oxide is completely absent; for 
instance, in a ladle which has been efficiently freed 
from slag. To obtain a pig-iron of the charcoal 
type; that is, low in sulphur and phosphorus with 
a fairly low carbon, a ladle of blast-furnace metal 
was thalf-emptied into a converter, decarburised 
and returned to the same ladle, mixed with the 
liquid pig-iron, and teemed on to the pig bed. 
MacLain’s process was also practised with the 
same object. 

The German steel foundries, using baby Besse- 
mers before the war, were dependent on English 
hematite. During the war they were forced to 
employ steel scrap. At first, 50 per cent. was 
used, and afterwards 100 per cent., and then were 
surprised to find that they obtained good, hot fluid 
iron. This was due to the fact that the steel 
takes up carbon at red heat. It is interesting to 
note that pieces 6 in. thick were currently used, 
and occasionally 9-in. shells. The high tempera- 
tures associated with converter steel were obtained 
by adding ferro-silicon to the vessel at the com- 
mencement of the blow. It is stated by Herr 
Esher that two 2-ton converters, using no pig-iron, 
turned out 60 tons of liquid steel in 24 hours. Un- 
fortunately, associated with this process were seri- 
ous explosions, caused by the reaction between the 
ferrous oxide-rich slag on the overblown steel and 
the carbon of the recarburising agent. 

This use of all steel scrap charges in the cupola 
should have given the baby Bessemer an economic 
advantage over the Siemens if the latter had not 
also been modified to melt charges solely composed 
The carbon in this case is added 
carbide, etc., in preference to 
coke on account of the lower sulphur content. 

During the war German steelworks suffered from 
a dearth of manganese. This was overcome in 
the converter by means of an increased use of 
silicon and by adding to the ladle a slag composed 
of lime, sand, ferro-silicon, fluorspar and carbon, 
such as is used in basie electric furnace practice. 
This process never reached beyond the exjperi- 
mental stage. 

From the above notes it is abundantly clear that 
German foundries, both iron and steel, received 
during the war a training in the application of 
metallurgy which is bound to be of the utmost 


value to them in future competitive enterprise. 


of steel scrap. 
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Notes on Grey Cast Iron.* 


By A. E. MacRae Smith, M.LBrit.F. 


The following notes are intended to give an 
indication of ‘the influence of the chemical con- 
stituents of cast iron with a view to a clearer 
understanding of the grading of pig-iron and the 
mixing of irons by analysis. All the more com- 
plicated technical terms have been omitted, and 
the notes are intended for the service of practical] 
foundrymen. 

Pigsron contains from 92 to 97 per cent. of 
metallic iron, the remainder being mostly composed 
of silicon, phosphorus manganese, sulphur and 
carbon in varying amounts. Other elements appear 
in certain brands, but in minute quantities. 


Influence of Carbon. 

This element exists in cast iron as combined 
carbon and graphitic carbon. The total amount 
of carbon present in ordinary grades of pig-iron 
and iron castings varies between 3 and. 3.8 per 
vent., although it may be as low as 2 and as high 
as 44 per cent. in occasional samples. 

The proportion of combined to graphitic carbon 
is determined (1) by the total amount present, as 
the greater the amount of carbon present the 
greater the proportion of graphitic to combined 
carbon; (2) by the rate of cooling. Other things 
being equal, rapid cooling increases the combined 
earbon and slow cooling increases the amount of 
graphitic carbon. (3) By the pouring temperature. 
The higher the temperature at which the iron is 
poured the longer the period for conversion of 
combined to graphitic carbon. (4) By the amount 
and kind of the other elements present, such as 
silicon and phosphorus. The effect of these elements 
on the proportion of combined to graphitic carbon 
will be dealt with when these particular elements 
are reviewed. 

In the greyest pig-iron the amount of combined 
carbon may be almost negligible, less than 0.05 per 
cent., whilst the whitest irons may contain as much 
as 3 per cent. combined carbon. 

The graphitic carbon exists in the form of flakes 
and plates, which are in most cases distributed 
between the grains of metal; that is to say, it is 
only mixed with the metal and not in combination 
with it. Hence it has no influence on the physical 
properties of the grains of metal themselves, but 
the strength of the metal as a whole will be greatly 
affected. This is seen in the low tensile strength 
of very open grey iron, the effect being greatest 
with the largest graphite flakes. An iron con- 
taining most of the carbon as graphite is the 
softest, and hence such iron lends itself to be most 
easily machined. 

The combined carbon exists in the form of ear- 
bides; that is to say, it occurs in chemical com- 
bination with the iron. The material which col- 
jects in the bath at the bottom of the blast furnace 
is a saturated solution of carbon in iron. Graphite 
separates out during the solidification of the iron 
from fusion, and the amount and size of the 
graphite flakes is principally determined by the 
rate of cooling and the amounts of the other 
elements present. The amount of carbon which 
persists in solution determines*the amount of the 
combined carbon present. That is to say, as the 
carbon separates out in cooling, it changes from 
combined ‘to graphitic, and the amount of the com- 
bined carbon left greatly influences the strength 
of the iron. 

Chemical compounds generally possess character- 
istics and properties quite different from the con- 
stituents from which they are built up. This is 
essentially the case with carbide of iron. Combined 
carbon in cast iron takes two distinct forms :—(1) 
Tt is found in white cast iron as cementite, a white 
hard substance which gives white iron such a 
vastly different fracture from soft, open-grained 
iron with its large graphite flakes. Cementite is 
a definite carbide of iron which, when mixed with 
ferrite (or pure carbonless iron) in certain definite 
proportions, forms pearlite, which is the second 
form of combined czrbon in cast irons. The grey 
foundry irons generally consist of a groundwork or 
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matrix of ferrite, in which is interposed graphite 
flakes along with varying amounts of pearlite. 

Provided the amount of total carbon present is 
sufficient and within reasonable limits the amount 
of combined carbon in ordinary cast iron exercises 
the greatest influence on the mechanical properties 
of the metal. Combined carbon increases strength 
and hardness and closes the grain. 

Influence of Silicon. 

After carbon, silicon is by far the most important 
constituent of cast iron, and the influence it 
exerts is closely bound up with its power to modify 
the solubility of carbon in iron, 

Pure iron dissolves about 23 per cent, of silicon, 
but under special conditions iron can be made to 
absorb as much as 80 er cent. silicon. The elec- 
tric furnace alloys known as terro-silicons may 
contain 20 to 80 per cent. of silicon. Where the 
silicon content runs from 4 to 10 per cent. it is 
known as high silicon iron. 

Silicon finds its way into pig-iron during the 
smelting of the ore by the reduction of the silica 
present. The amount which passes in is controlled 
by the working conditions of the blast furnace, It 
combines with the iron to form silicide of iron and 
wso combines with manganese. 

Silicon lowers the solvent power of cast iron for 
carbon, and consequently reduces the amount of 
combined carbon and increases the amount of 
graphitic carbon. Silicon is used to soften cast 
iron, but is not in itself a softener of iron. In 
fact, on pure iron it exerts a slightly hardening 
effect. It softens cast iron by changing combined 
carbon into graphitic carbon. Usually, that is, 
other things being equal, the hardness of cast iron 
varies with its silicon content. Jn ordinary cast 
irons the most easily machined metal will contain 
from 2.5 to 2.8 per cent. silicon, but for close- 
grained iron in large sections that would produce 
much too soft and open-grained an iron, and later 
it will ‘be shown how silicon control may best be 
carried out to give the most suitable mixtures for 
the particular purpose for which castings are 
intended. 

First of all, it is necessary to examine the con- 
ditions which modify the influence of silicon. The 
three chief factors are (1) size of casting; (2) 
rate of cooling; (3) casting temperature; and 
(4) amount of total carbon present. 

With equal percentages of silicon and the com- 
position of the metal in all other respects being 
equal, the jarger the section the less the amount 
ef combined carbon. Also, the size of casting 
indirectly determines the rate of cooling. Thus, 
for a given result, the amount of silicon must vary 
with the mass of the casting, and foundrymen 
should determine for themselves the silicon content 
required to give that result in each particular case. 
This may be achieved by the regulation of the 
materials in the mixture. The addition of silicon 
for the purpose of softening hard iron is best 
accomplished by the use of high silicon pig-iron 
rather than by the addition of ferro-silicon, as the 
Jatter renders the uniformity of the mixture uncer- 
tain, on account of its widely different melting- 
point and density. 

To render open-grained irons close, a suitably 
regulated quantity of low-silicon pig-iron must be 
used in the mixture. In this connection it must 
‘be noticed that iron always loses silicon in passing 
through the cupola, and the amount lost depends 
on several conditions. The chief of these is the 
proportion of silicon in the mixture, and the work- 
ing conditions of the cupola silicon is very readily 
oxidised when heated in contact with air, oxide 
of iron, etc. The amount of oxidation increases 
with the blast. The loss is greater with high 
silicon in the mixture. In good cupola practice it 
should not be more than 0.2 to 0.3 per cent., but 
in many cases it is higher. 


The Influence of Phosphorus. 


Phosphorus in pig-iron comes mostly from the 
ores. It occurs in cast iron as phosphide. It is 
soluble in pure iron up to something like 1.7 per 
cent., but when carbon is present the solubility is 


270 Aprit 5, 1923. 
a 
* 
> 


AprIL 5, 1923. 


THE FOUNDRY TRADE JOURNAL. 271 


greatly decreased, and with ordinary irons con- 
taining normal percentages of carbon soluble car- 
bide takes the place of phosphide. The effect of 
phosphorus on the properties of cast iron depends 
on the amount of the element retained in solution 
and the amount thrown out of solution by the 
metal. The soluble phosphide has the power of 
inereasing fluidity ‘by lowering the fusion point of 
the iron, Its influence in imparting fluidity is 
greater than that of any other element, and con- 
sequently its presence within moderate limits is 
especially sought after in their castings. The 
separated or rejected phosphide weakens the 
metal. In highly phosphoric irons there is a con- 
centration of the phosphorus in certain areas, and 
the amount present in these areas may exceed the 
maximum, capable of being held in solution. This 
excess phosphide remains fluid after the sodifica- 
tion of the remainder of the metal and weakens the 
structure as a whole. The low melting-point of 
phosphide of iron causes highly phosphoric irons 
to be entirely unsuitable for castings required to 
withstand high temperatures. 

Where great strength is required in castings the 
phosphorus should be kept extremely low, probably 
under 0.05 per cent. Even in light ornamental 
work it is doubtful if the phosphorus content should 
ever be allowed to exceed 1.2 per cent., and for 
general machinery castings 0.7 per cent. should not 
be exceeded. 

Phosphorus appears to have little direct effect 
on carbon, but it usually prolongs the cooling of 
melted iron, and consequently allows more time for 
the separation of graphitic carbon. 

Normally, the phosphorus content of cast iron 
remains constant on repeated resmelting. After 
it has been taken up by the ion very little is ever 
lost, but its percentage is sometimes slightly 
increased by being taken up from fuel or flux used 
in melting. 

Phosphorus appears to have little effect on the 
actual degree of hardness of the metal, 


Sulphur in Cast Iron. 


The true influence of sulphur on the physical 
properties and soundness of iron castings is still 
very obscure. Some foundrymen attribute all their 
ills to sulphur, whilst, on the other hand, one hears 
of the strength of cast iron being controlled by the 
sulphur content in proper relationship with other 
elements, particularly manganese. 

Perhaps neither is correct, and when foundrymen 
become sufficiently enlightened as to the true 
mechanism of the influence of sulphur it will be 
found it lies midway between these two extremes. 

The sulphur in pig-iron is taken up from the 
fuel and flux. It appears to be present, chiefly, as 
sulphide of iron or manganese, but may also be 
present in other forms. In remelting cast iron 
increasing quantities are taken up from the cupola 
fuel, and unless proper precautions are taken the 
amount of sulphur ultimately present in cast iron 
may be such as to cause very serious trouble. 
Sulphur in itself certainly tends to make iron hard 
and ‘brittle, and causes it to congeal quickly or 
‘lose life.’ Thus molten iron, high in sulphur, 
is sluggish and sets quickly, and consequently is 
liable to lead to unsound castings by preventing the 
ready escape of gases with resultant blow-hoies. 
These are particularly noticeable near the top 
surface of thick castings. ; 

The amount of sulphur present in pig-iron may 
vary from 0.02 up to 0.3 per cent. For good 
results it is probably safest never to allow sulphur 
to exceed 0.1 per cent, in the final casting. 

As sulphur combines with iron at comparatively 
low temperatures, some authorities state that a 
hot cupola tends to eliminate a larger proportion 
of sulphur by way of the slag. Certainly iron 
which is suspected to be high in sulphur should be 
poured as hot as possible. 

In the same way, due attention must be paid to 
the sulphur content of the fuel, as high-sulphur 
coke will give a higher proportion of sulphur in 
the iron, Sulphur counteracts the softening 
influence of silicon and consequently its hardening 
effect is most intensive in low-silicon irons, notably 
those used for heavy high-pressure cylinders and 
the like. 

The detrimental effects of sulphur may be largely 
controlled and certainly lessened by ensuring that 
sufficient manganese is present in the mixture. 


Manganese combines with sulphur to form man- 
ganese sulphide and a part of this manganese 
sulphide rises to the surface and passes off as slag. 
This fact is taken advantage of by either adding 
high-manganese iron to the cupola charges or by 
adding ferro-manganese to the metal in the ladle. 
If this latter practice is adopted, care must be 
taken that the metal is very hot and that the 
manganese alloy is thoroughly mixed with the iron. 
Also, the addition required must be calculated to 
give a final manganese content within the desired 
limits. If the cast-iron mixture is too high in- 
manganese, the iron again tends to become hard, 
as will be seen when dealing with the influence of 
manganese. 

Of Jate much attention has been paid to the 
question of sulphur-manganese halance, In certain 
castings it has been found that a test-bar has 
given a good result or a bad result, and the only 
difference in conditions and in the composition 
between good and bad has been in the manganese 
content. This is particularly the case where 
sulphur is in the neighbourhood of 0.10 to 0.14 per 
cent. In his own experience, the author has 
found that a casting, with say 1.5 per cent. silicon, 
0.12 per cent. sulphur and 0.25 per cent. man- 
ganese, has given low tensile and transverse tests, 
whereas & casting with almost identically the same 
amounts for all other constituents, but with 0.65 
per cent. manganese, has given very good test 
results, and this when the pouring temperature, 
rate of cooling, etc., have been precisely the same 
in both cases. 

It is a safe rule, in the present state of know- 
ledge, to keep the manganese-sulphur ratio in the 
neighbourhood of 4 or 5 to 1. Here it may be 
noted that for certain classes ot work, where high 
resistance to abrasion is required, sulphur in the 
region of 0.10 to 0.15 per cent, will enhance the 
wearing qualities of the iron, so long as it can he 
introduced without causing casting trouble. In 
ordinary machinery castings it should never be 
allowed to exceed 0.08 to 0.10 per cent. Tf it js 
kept beneath these figures it is not likely to cause 
trouble, 

Manganese in Cast Iron. 

The complete action of manganese 
appear to he quite understood as yet. Its action 
in uniting with sulphur to form manganese 
sulphide and how this action is taken advantage 
of for partially eliminating sulphur have already 
been explained. 

Manganese is derived from the original ores and 
is usually present in pig-iron in quantities varying 
from traces up to 2.5 per cent., but in some cases 
it may range higher. However, few foundry irons 
are available containing over 2 per cent. man- 
ganese, Alloys of iron with higher percentages of 
manganese containing from 10 to 90 per cent. are 
made and are known as spiegeleisen and ferro- 
manganese, according as the percentage is low or 
high, 

The chief effect of manganese fs to increase the 
proportion of combined carbon by the formation of 
complex carbides. This hardens cast iron and 
promotes shrinkage, but as it has a great affinity 
for sulphur, the opposite effect may take place. 
Manganese also acts as a deoxidiser combining with 
oxygen, and can thus be used in the form of ferro- 
manganese in the ladle for the purpose of removing 
oxides and thus preventing blowholes arising from 
this cause. High manganese pig-iron may be 
used in the mixture as a means of attaining the 
end, 

Manganese, like silicon, is always lost in re- 
melting iron in the cupola, chiefly by oxidation. 
Due allowance must be made for this loss when 
calculating mixtures. Under good melting condi- 
tions, this loss should not be greater than 0.2 per 
cent., but the amount varies with the blast and 
the amount of sulphur in the fuel. 


does not 


Influence of Aluminium. 


Of the special elements which sometimes occur 
in cast irons or are added to the metal in the 
ladle, it is only proposed to mention two, namely, 
aluminium and titanium. Both these elements 
are best added in the form of their ferro-alloys 
and both act as deoxidisers. 

Aluminium, like silicon, produces softening 
effect by the conversion of combined carbon into 
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graphite carbon. It is used to decrease shrinkage, 
increase fluidity and rid the metal of oxygen and 
dissolved oxides, and hence prevent blowholes, but 
very often it will be found to render the iron 
sluggish and dirty. In fact, in the author's 
experience its action is very uncertain. 
Titanium in Cast Iron. 

Ferro-titanium appears to be the best deoxidiser 
to add to the ladle to remove oxygen and oxides 
from badly melted iron. About 1/20 of one per 
cent. is quite sufficient for the purpose and no 
advantage is gained by adding more. ‘This 
element is said to combine with and remove 
nitrogen as well as oxygen. It greatly improves 
the strength of grey iron and is also useful for 
promoting a very hard chill in chilled castings. 
The author has seen it used with advantage in the 
production of chilled iron cutters. 


How the Influence of Elements is Utilised. 

Coming now to the uses which the above data 
can be put to, in making castings for any given 
purpose, first of all foundrymen must study the 
nature of the castings; the purpose for which they 
are intended and the properties which they must 
possess. What is the size of the casting and the 
largest and smallest section? Is it grouped as 
light, heavy or medium? Has it to withstand 
heat? Is great strength required? Has it to 
contain gas or liquid under high pressures and 
consequently required to be made of dense, close- 
grained, strong metal? In some cases, strength is 
quite a secondary consideration so long as the 
metal casts well, takes the exact impression of an 
ornamental mould and leaves it with a good 
surface. 

By a complete survey of the requirements it is 
always possible to get a composition which is best 
for the purpose. This is attained by the suitable 
mixing of irons so as to give a final metal in which 
the constituents are so graduated that it has the 
required properties. 

The necessary qualities for a few of the different 
grades of castings may be quoted as examples as 
follows 

I. Light Plate Work and Ornamental Castings 
of Thin Section :—These require extreme fluidity 
and softness and should be high in silicon and 
phosphorus and consequently low in combined 
carbon; silicon 2.5 to 3 per cent. and P. 1.2 per 
cent. appear to meet the case. 

II. Light Machinery Castings :—Such castings 
require softness, fluidity, strength, toughness and 
resistance to shock. They should be high in total 
carbon and manganese and low in sulphur. Silicon 
and phosphorus moderately high, but less than in 
No. T, 

IIT. Moderately Heavy Machinery Castings :— 
These have similar requirements to No. IL. They 
should be lower in silicon on account of heavier 
section and have low phosphorus to give equal 
strength. Silicon. 1.7 to 2; phosphorus, 0.5: 
manganese, 0.7: sulphur, 0.05 and total carbon, 
3.3 per cent. is the composition which suggests 
itself. 

IV. Castings Subjected to High Tempera- 
tures:—This variety should be very low in 
phosphorus, say not over 0.1 per cent. 

V. Castings Requiring Great Strength and to 
Withstand High Pressure :—These should be low in 
silicon, varying from 1.0 to 1.5 per cent., according 
to the thickness of the section. Moderately low 
total carbon, low sulphur and phosphorus, and a 
manganese of about 0.7 to 0.8 per cent. should be 
specified. 

Tn order to obtain any one composition, al] that 
is required is to mix different pig-irons in suitable 
proportions along with a suitable quantity of 
remelted metal of known composition. A simple 
calculation will give the required amounts, work- 
ing back from the composition aimed at and 
making due allowance for loss of silicon and man- 
ganese in remelting. 

Where foreign scrap has to be used, and this is 
very often necessary, the average composition of 
the scrap on remelting is taken as guide, and in 
this way, the composition of the charge is caleu- 
lated as if the composition of the foreign scrap 
was known accurately. This will be found to give 
sufficiently accurate results in the majority of 
cases, but, where special and severe tests are 


required, associated with exceptional soundness, it 
is advisable to use only remelted scrap, the com- 
position of which is known. The compositions of 
all pig-irons are determined on arrival at the 
works and are stacked according to analysis. 

Working on such a basis, it is possible to run for 
weeks or months and always produce metal within 
fairly close limits of composition provided due 
attention is given to weighing accurately the com- 
ponents of the charges. Physical tests are taken 
each day for each class of metal, and if the cupola- 
working is normal and the pouring temperature 
and rate of cooling of the test bars does not vary 
appreciably, the transverse and_ tensile tests 
obtained are very consistent. 


How Chemical Control Produces Results. 


The following figures, quoted at random, speak 
for themselves. The transverse test is carried out 
on bars 1 in. x 1 in. x 14 in. tested on 12 in. 
centres and the tensile test is determined on a 
round bar, cast 1} in. dia. and turned down to 
0.754 in. dia. All test bars are cast on the flat 
in green sand, 


Week ending June 4, 1921. 

(a) Ordinary Machinery Mixture; 5 Tests. 

Transverse Test :—Highest=3,250 lbs.; lowest — 
2,900 Ibs. 

Tensile Test :—Highest=13.9; lowest=12.4 tons 
per sq. in. 

Average Analysis :—Si, 1.8 to 2.0; S, 0.08; P. 
0.7 to 0.8; Mn, 0.5 to 0.6; and total carbon 3.5 per 
cent. 

(b) Strong Iron for Ammonia Gas Pressure 
Work; 5 Tests. 

Transverse Test :—Highest=3,550 Ibs.; lowest = 
3,250 lbs. 

Tensile Test :—Highest=15.4: lowest =14.4 tons 
per sq. in. 

Average Analysis :—Si, 1.3 to 1.5; P, 0.6; §S, 
0.10; Mn, 0.6 to 0.8; and total carbon, 3.2 per 
cent. 

Similar tests could be given for most weeks 
during a complete year’s working. Suffice it will 
be to quote one other week, viz. :— 


Week ending March 25, 1922. 

(a) Ordinary Machinery Mixture; 5 Tests, 

Transverse Test :—Highest=3,150 lbs.: lowest = 
2,850 Ibs. 

Tensile Test :—Highest=13.8: lowest=12.1 tons 
per sq. in. 

Average Analysis :—Si, 1.7 to 1.9; S, 0.08: P, 
0.6 to 0.8; Mn, 0.5 to 0.7: and total carbon, 3.6 
per cent. 

(b) Strong Iron for Ammonia Gas Pressure 
Work; 5 Tests. 

Transverse Test :—lighest=3,350 lbs.: lowest= 
3,050 Ibs. 

Tensile Test :—Highest =15.7; lowest=13.1 tons 
per sq. in. 

Average Analysis :--Si, 1.3 to 1.6: P, 0.5 to 0.7: 
S, 0.10 to 0.12; Mn, 0.7 to 0.9; and total carbon, 
3.2 per cent, 

It is interesting to note that during the 
week in 1921, quoted above, a large proportion 
of Belgian pig-irons was being used in the 
mixtures, whereas during the second week quoted, 
only Scotch and English irons were used, yet the 
results obtained are very similar. 

But the making of correct mixtures is not, by a 
long way, the complete solution of all troubles. 
The iron must be properly melted, poured at the 
correct or optimum temperature for the job on 
hand, and all precautions such as best methods of 
running and feeding must be adopted to ensure 
sound castings. 

In conclusion, in order to obtain good and 
serviceable castings, the first essential point is to 
use a mixture of iron best suited to the purpose 
and then decide on the methods of casting, ete. Tt 
is of no avail to take elaborate precautions in 
regard to moulding and casting methods and then 
fill the mould with bad or unsuitable iron. 


Paris Convention.—The latest advices from the 
States indicate that over 40 visitors have definitely 
decided to cross the Atlantic. The final number may 
thus easily reach 80. 
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The Examination and Photography of Cast Iron 
under the Microscope. * 


By Colin Gresty, M.I.Brit.F. 


Nowadays most metallurgical papers are illus- 
trated by photomicrographs, and it is probable 
that the average foundryman, not being a trained 
metallurgist, would more fully appreciate and 
understand the illustrations if he were familiar 
with the methods by which they are obtained. The 
object of this Paper is to describe practical micro- 
scopic work as applied to cast iron, and to show 
how the various constituents of the metal may be 
distinguished. It is not proposed to deal with the 
theoretical side ot the constitution of cast iron. 


The idea is very prevalent that microscopic work 
is necessarily expensive, but, as a matter of fact, 
a great deal of instructive and valuable work may 
be done with quite a cheap apparatus. The writer 
has had the experience of working both with an 
outfit of the highest class and also with one which 
had very small beginnings and was gradually built 
up as necessity demanded. In many respects it is 
to be recommended that « commencement should 
be made with a simple apparatus, as by that means 
the many little tricks which a microscope can play 
are better understood and consequently consider- 
able manipulative skill is obtained. An expensive 
outfit specially designed for metallurgy is only 


Metallurgical Microscopes. 

The microscope stand should be well balanced in 
both the vertical and horizontal positions, and 
there should be no “ play ’’ in the moving parts. 
The ordinary form is made for use with  trans- 
mitted light, i.e., light passing through the stage 
and specimen, and the focussing movement is on 
the body-tube. Metal, however, has to be 
examined by reflected light, and to this a reflector, 
to be described later, is fixed to the body-tube. It 
will thus be seen that, in focussing, this reflector 
also moves and, unless the movement is very slight, 


Fic. 2a. 


Illustrating the difference between 
Oblique and Vertical Illumination. 


the light has to be adjusted to the new position. 
In metallurgical microscopes the main focussing at 
least is done by moving the stage so that the posi- 
tion of the light is not disturbed. This is the 
essential difference between the two forms of 
instruments. 

For cast iron it will be found that a range of 
magnifications up to about 500 diameters will be 
sufficient for the usual run of work. This range 
is conveniently obtained by having a_ low-power 
objective of 1-in. focus, a high power one of 


—OBLIQUE ILLUMINATION — 


ILLUMINATION — 


justified if a large amount of work has to be done, 
the chief advantage being that it saves time by 
its various mechanical adjustments. 

It hardly comes within the scope of this Paper to 
describe in great detail the apparatus used ; indeed, 
it would require a book to record the many varia- 
tions in designs and arrangements, particularly 
with regard to accessories. The general prin- 
ciples in all cases, however, are similar, and there- 
fore only a brief survey of the main features of 
the apparatus and methods of manipulation will be 
given, The actual type of apparatus adopted is 
largely a matter of individual choice and circum- 
stances: for example. some workers prefer a micro- 
scope of the inverted type, whereas others prefer 
the ordinary kind, and some favour a_ vertical 
rather than a horizontal camera. 


* A Paper presented’ to the Neweastle Branch of the Institute 
of British Foundrymen, Mr. H. J. Young in the Chair. 


-in. focus, and three eyepieces or oculars magni- 
fying 2, 4, and 8 times respectively. The approxi- 
mate magnifications given by the different com- 
binations of these are as follows :— 


I. 


Eyepiece. 
Objective. 


1 in. 
Lin 
din. 


If higher powers than this are required an oil- 
immersion lens of ,';-in. focus will be necessary. 
: 
Whether achromatic or the more highly cor- 
rected apochromatic lenses are selected is prin- 
sipally a matter of expense. The advantages of 
the latter are rarely evident with cast iron, par- 
ticularly if monochromatic light is used, and they 
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have the disadvantage of showing more curvature Practically all work is done with vertical light, 
of field than the cheaper lenses. It must be opaque illumination being of very limited applica- 
remembered that when using apochromatie objec- tion. Fig. 2 illustrates the difference between the 
tives compensating oculars are necessary, because two methods. If the surface of the specimen is 
part of the optical corrections are made in the perfectly flat and bright it appears dark by oblique 
ocular. Projection eyepieces are often recom- light because none of the rays are reflected into 
mended for photographic purposes, but the writer the microscope (A). If the surface has microscopi¢ 
has not found any special advantage from their hills and dales some light is refleeted, and conse- 
use. An eyepiece is essential for visual work, quently parts of the specimen appear bright (3B). 


although photographs may quite well be taken 


Under vertical illumination the reverse is the case, 


with an objective only, if necessity arises, and if the plain parts appearing bright (C) and the 
irregular parts dark (D). The photographs in 


the field of view can be evenly illuminated. 


— Benen 


Fig. 4 


Vertical and Oblique Illumination. 

Reflected light is used for examining metal, a 
heam of light being projected on to the specimen 
either at an acute angle or at approximately a 
right angle. These methods are known respec- 
tively as oblique and vertical (or normal) ilu- 
mination, 

A vertical illuminator is a small reflecting device 
which is screwed into the microscope behind the 
objective (some metallurgical instruments have the 
illuminator built into the body-tube). There are 
three usual types of reflectors, namely, (1) a totally 


Fig. 24 are of the same specimen taken by the 
respective methods. 


Illumination for Photography. 

When photographs are to be taken the illumina- 
tion of the specimen is a most important factor, 
and unless it is good it is not possible to get satis- 
factory results, for whereas the eye can accom- 
modate itself to slight imperfections, the camera 
cannot do so and faithfully records them. — For 
visual examination and low-power photographs any 
ordinary source of light may be used, such as an 


Focussinc Roop 


hey — + 


AN 


/ ! 


/ Optica. BeNncH 


LIGHT 


reflecting prism, (2) a mirror, and (8) a thin plain 
glass. Of these, only the latter is suitable for 
critical work at high powers, as the two first 
named are liable to produce distortion of the 
image, because they are opaque and can only 
utilise at the most about half of the objective, thus 
producing a one-sided effect. Fig. 1 shows dia- 
grammatically the action of prism and plain-glass 
illuminators. A beam of light is directed into the 
side opening A on to the reflector B, which reflects 
it through the objective to the specimen. It is 


then reflected back through the microscope by the 
latter. 


oil lamp or incandescent gas burner, but for higher 
powers a small very bright light is required, such 
as the electrie are, Nernst light, or Ediswan 
Pointolite. The last is an ideal lamp for the 
purpose, as the light is perfectly steady and con- 
sists of an illuminated ball about } in. in dia. 
The are is frequently employed, but is not entirely 
satisfactory on account of its tendency to splutter 
and for the light to'move round the carbon. 

The writer has frequently heard it said that the 
100-c.p. Pointolite is not sufficiently powerful, but 
he has successfully taken photographs by its means 
up to 7,000 dias. without unduly long exposures, 
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Whatever form of light is employed, a con- 
densing lens is usually needed in order to collect 
as much as possible. The simplest type, particu- 
larly when the area of light is large, is that known 
as the ** bull’s-eye,” its manner of working being 
shown in Fig. 3. 

A more elaborate system which collects a greater 
amount of light is shown in Fig. 4, and consists 
of a lens of short focus which converts the light 
into a parallel beam and a Jens which converges 
the latter. An iris diaphragm for regulating the 
amount of light and a holder for a piece of ground 
glass or a colour screen are also shown. In order 
that all parts of the illuminating system may be 
readily centred, it is usual to have each component 
mounted on a stand which slides on a steel bar, 
the whole constituting what is known as an optical 
bench. 

It will be seen that when using a vertical illu- 
minator the light has to be projected at right 
angles to the axis of the microscope. This can be 
accomplished by having the optical bench at right 
angles or by inserting a mirror at 45° deg., in 
which case the optical bench is parallel to the axis 
of the microscope (Fig. 5). 

At times considerable difficulty is experienced 
with flare.’’ which is caused by light being 
reflected either from the back lens of the objective 
or from some bright internal part of the microscope 
or lens mount. Tf the latter is the cause the 
obvious remedy is to apply dead black paint to the 
bright part. If this cannot be conveniently done 
it may be possible to cover the reflecting surface 
with black velvet paper. 

Flare, due to reflection from the objective. is 
frequently caused by the illuminating system being 
incorrectly adjusted, and it may be considerably 
diminished, if not entirely eliminated, by carefully 
readjusting the light and condensing lenses. 

Camera Considerations. 

The camera is generally half-plate size and pre- 
ferably capable of extension, although for occa- 
sional photographs a small camera with fixed 
extension is quite convenient. The front of the 
camera has a hole into which the eyepiece of the 
microscope projects, and some means is provided 


for making a light-tight connection between the 
two. A simple shutter is also sometimes fitted. 


and a useful addition is a scale to show the exten- 
sion of the camera. 

If a long extension is employed, it is essential 
that some means should be provided for turning 
the fine focussing screw of the microscope trom the 
back of the camera. This is, in most cases, done 
by having a rod fitted to the baseboard and running 
alongside the camera. The end of the rod has a 
pulley connected with the fine adjustment screw 
by a piece of thread. 

A ground glass sereen is suitable 
focussing, but in order to obtain fine detail in 
perfect focus it is necessary to use a screen of 
thin plate glass, in the centre of which one or two 
fine scratches are made with a diamond. Alter- 
natively, a small piece of plain may he 
cemented with canada balsam to the centre of the 
ground surface of the ordinary screen, having first 
marked the latter with a pencil. This method 
gives a centre of clear glass on which only the 
pencil marks are visible. In use a focussing lens 
1s focussed on the diamond or pencil marks, after 
vhich the image projected by the microscope may 
be brought to an accurate focus. 

The various parts of the apparatus may he 
mounted on a baseboard or other suitable fitting, 


for rough 


glass 


according to whether the camera is used hori- 
zontally or vertically. Preference is usually given 
to the former position as being more easily 


arranged and less likely to suffer from vibration. 

The problem of vibration is a difficult one to 
surmount, particularly in a works, but fortunately 
1t does not cause much trouble except in high- 
power work A steady bench is required, and if it 
ean be built up from the foundations of the build- 
ing any vibration will be decreased. The only real 
solution of the matter appears to lie in the complete 
suspension of the apparatus during exposures. 

Magnification. 

An objective property known as 
resolving power, which may be simply described as 
its power to reveal detail. This property is dis- 


possesses a 


tinct from meére enlargement, Fig. 6 (A and B) 
show precisely the same area of a cast-iron specimen 
at the same total magnification, namely, 250, but 
it will be scen tiat there is a great difference in 
the detail visible, in which A was obtained by a 
l-in, objective together with a high-power eyepiece 
and long camera extension, whereas B was taken 
with a {-in. objective, low-power eyepiece, and 
short camera extension. It is, therefore, evident 
that for high magnifications a short focus objective 
with its greater resolying power is necessary. The 
eyepiece and camera extension merely enlarge the 
image produced by the objective, but do not add 
anything to it. 

A valuable point to remember in connection with 
resolution is that it is partly dependent on the 
colour (i.e., the wave length) of the light employed, 


becoming greater as the wave length decreases. 
Thus, tor example, a blue light will give more 


resolving power than a red one, 

It is strongly recommended that all specimens 
should be first examined at the same magnification. 
In this way the first glance almost automatically 
shows whether the sample has unusually large or 
small graphite and whether the grain’ size is 
abnormal. For cast iron 20 or 25 diameters is 
very convenient, as the field is comparatively large 
and the whole specimen may be rapidly examined. 

It is alsoa good plan to adopt, as far as possible, 


Photograph A is taken with 1-in. objective, high. 
power eyepiece, and long camera extension; and 
B is the same sample taken with (-in. objective, 


low-power eyepiece, and short camera extension. 
certain standard magnifications, preferably round 
numbers, for the general run of work. ©Compari- 
sons between photographs are then easily made. 
The writer regularly uses 25, 100, 250, 500, 1,000, 
and 1,500, and it is rarely necessary to depart 
from these standards. 

The magnifications given by microscope makers 
are only approximate, and if correct figures are 
required they may be obtained by the use of a 
stage micrometer. This is a glass strip on which 
are ruled very fine lines, generally 1 mm. divided 
into tenths and hundredths. It is placed on the 
stage of the microscope in place of the specimen, 
and the scale focussed on the ground glass screen. 
The distance between the rulings on the screen is 
then directly measured and the actual magnifica- 
tion thus obtained. By doing this with all the 
objectives and oculars, the apparatus may be 
thoroughly standardised and a table drawn up 
showing the objective, ocular and camera extension 
required to give any particular magnification. 

To this table may be added details of the approxi- 
mate exposures needed for the various types of 
photographs, as they are determined by later 
experience. The writer has found this preliminary 
standardisation of the apparatus to be very advan- 
tageous and to considerably simplify routine work. 

A camera extension of 10 in. from the eyepoint 
of the ocular gives an image of the same magnifica- 
tion as when looking through the microscope with 
the naked eye, and further extension (measured 
from the evepoint) proportionately increases the 
magnification. 
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Photographic Manipulation. 

In the actual photographic part of the process 
the main difficulty is to obtain sufficient contrast 
between the constituents of the sample at moderate 
and high powers. With many specimens, it is 
almost an impossibility to produce good photo- 
graphs using white light, chiefly on account of 
colour fringes. If, however, a screen or light filter 
is introduced into the beam of light, giving an 
approximately monochromatic light of a suitable 
colour, the contrast is much improved, no colour 
fringes are present, and focussing is much easier. 
Colour screens may consist either of dye solutions 
or of stained gelatine films cemented between two 
pieces of glass. The latter are more convenient 
and are obtainable in a variety of colours to suit 
all classes of work. Those which the writer has 
found most useful for cast iron are deep red, green, 
and dark blue, together with an = orthochromatic 
yellow for correct rendering in monochrome of «a 
coloured specimen. In the selection of the colour 
screen, due regard must be paid to the effects on 
the resolution previously mentioned, as well as to 
the degree of contrast required. By trying two or 
three different ones the most suitable is readily 
found, and it should be mentioned that the final 
focussing must be done with the screen in position. 

When working with the orthochromatic or red 
screen it is necessary to use panchromatic plates or 
films, i.e., those sensitive to all colours. This also 
means that development has to be done either in 
complete darkness or with a very subdued green 
light specially prepared for the purpose. 


Showing «a specimen at each stage 
magnified 25 dias. 


of polishing 


For all other work process plates or films are 
most suitable, as they produce the maximum 
amount of contrast. Further contrast may be 
obtained by printing on what is known as hard or 
contrast bromide power. 

The correct exposures can only be found by 
experience as they depend not only on the source 
of light but also on the whole optical equipment. 
magnification, and on the specimen itself. They 
may vary from a few seconds to 20 minutes or 
even more, 


Preparation of the Specimen. 

Cast iron is not a homogeneous material; some 
of its constituents are very hard, some very soft, 
and it is cut up in all directions by graphite flakes 
and particles. Also the structure and grain size 
may vary considerably from place to place in the 
same casting, particularly if the surface has been 
chilled. These factors call for considerable skill in 
preparing specimens in order to avoid misleading 
results, and it is frequently necessary to take two 
or more sections for examination. ~ 

A small piece about } in. sq. by 3 in. thick is 
cut from the casting or test bar and rubbed back- 
wards and forwards on a smooth file until one side 
is approximately flat. Sharp corners and edges 
should be removed so that the emery papers will 
not be torn, and also for convenience in handling. 
Many workers seem to prefer a much larger speci- 
men than that recommended above. The writer is of 
the opinion, however, that many misleading photo- 


graphs, especially of graphite, are produced from 
such specimens on account of the difficulty of 
efficiently polishing a large surface. There is a 
great liability to continue the final polishing 
operation for too long a period, which results in a 
slight rounding off of the edges of the graphite 
cracks. With metals containing no graphite, such 
as steel, this difficulty is not encountered, and the 
size of the specimen is therefore not so important. 
From experience the writer much prefers two or 
more small pieces rather than one large one. Also 
if a specimen is too thick it has a tendency to rock, 


resulting in a convex instead of a flat surface 
heing obtained. The subsequent operations may he 
done by machine if desired, but as most workers 
prefer hand-~ polishing and the operations are 
similar, the latter will be described. 

After filing smooth, the specimen is rubbed 
backwards and forwards on several different emery 
papers, each one being finer than that preceding it. 
Ordinary coarse and fine papers are followed by 
French emery papers which are specially prepared 
in four grades, Nos. 0, 00, 000, and 0000, the latter 
being exceedingly fine. These papers should be 
stretched over pieces of hard wood or plate glass, 
a convenient method being shown in Fig. &. 

Each emery paper is used until the scratches 
made by the previous one have been erased, this 
being most readily observed by turning the speci- 
men through 90 deg. at each transfer A few 
drops of turpentine on the paper considerably 
facilitate the process. 

After the last grade has been used only micro- 
scopic scratches should be visible, and these are 
removed by rubbing on a piece of “ Selvyt,’’ or 
similar polishing cloth, moistened with water in 
which is suspended a very fine abrasive substance, 
such as alumina or jeweller’s rouge. The writer 
has also found liquid metal polish very successful 
for cast iron. The last operation is generally done 


on a revolving dise over which the cloth is 
stretched. The success of these operations and the 
7Prasricine - Suse - 
\ Geass 
Specimen 
Fig. 9 
Pasnems 
Geass Suice 


speed at which they are performed depend largely 
on rubbing lightly at each stage and on keeping 
the papers and polishing cloth free from grit and 
particles of coarser emery. A preliminary rub with 
a piece of hard steel effectually discovers any gritty 
particles. 

Fig. 7 shows the appearance of a specimen at 
the successive stages of polishing, and Fig 9 illus. 
trates the method of mounting the specimen so 
that its surface will be exactly at right angles to 
the axis of the microscope. 


q 216 
/ 
Emery Parser Ne: Puare! 
De 
POLISHING BOARD 
of 
| 
4 


Aprit 5, 1923. 


THE FOUNDRY TRADE JOURNAL. 277 


The graphite in the specimen may now be 
examined. Sulphide globules are also visible, but 
are more readily seen at higher powers and after 


etching. 


Fic. 10. 


Shows at A the graphite in a bar which gave 19.3 

tons tensile. At B the graphite in a large casting of 

soft iron. At C the graphite in hard cylinder iron 

(mottled structure); and at D an unusual form of 

graphite in a low-carbon iron not made in the 
cupola. 


Fie. 12. 
Shows at A a cast iron containing 1.25 ner cent. of 
combined carbon. It consists of bars of cementite 
(white) and a matrix of pearlite. The section B has 
1.75 per cent. combined carbon, and shows more 
cementite; whilst C, which is white iron, contains 
still. more, and is free from graphite. 


Pearlite in Cast Iron at very high power (1,500 dias.), 
but reduced slightly, as are all others on repro- 
duction. 

Graphite in cast iron occurs in a great variety 
of sizes and arrangements, from small specks to 
large, thick plates, and the quantity visible in a 
specimen is often surprising. It is to be remem- 


bered, however, that 3 per cent. by weight of 
graphite is equivalent to about 11 or 12 per cent. 
by volume. Fig. 10 (a, b, c, d) shows some 
examples of different types. 


Fic. 11. 


At A is shown cast iron containing no combined 
carbon, the graphite being in a matrix of ferrite 
(white). At B, the cast iron contains 25 per cent. 
combined carbon, and appears as pearlite (grey) 
At © the combined carbon is 0.5 per cent. Only 
smali patches of ferrite are now visible. At D, the 
combined carbon i: 0.8 ver cent., and the matrix 
is purely peariite. 


Fig. 13. 
Ferrite crystals in slowly-cooled cast iron. Etchea 


for 20 mins. in r cent. picric acid, and 
magnified 250 dias. 


Vig. 10a is from a bar which gave a tensile test 
of 19.3 tons per square inch, the graphite being 
in very small plates; Fig. 10b is from a large cast- 
ing made from a soft mixture, the plates of 
graphite being very large and straight and similar 
to a No. 3 pig iron; Fig. 10e is from a_ hard 


Fic. 15. 
Sulphide globules in cast iron. 


cylinder liner and shows a distinct mottled struc- 
ture, areas containing graphite being surrounded 
by graphite-free metal; Fig. 10d shows a rather 
remarkable form and disposition of graphite, 
which the writer has never seen in a cupola metal. 
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This particular specimen is a low carbon metal 
made either in the electric or air furnace, and it 
is worthy of note that the sulphides also occur in 
a peculiar form (see Fig. 16), 

The sample must now be subjected to further 
treatment in order to reveal some of the other 
constituents, but it must be mentioned that no 
known treatment renders the silicon visible. It is 
actually dissolved in the iron and is invisible, 
just as salt dissolved in water cannot he seen. The 


16. 
Unusual form of sulphide globules in same 
6pecimen as Fig. 15. 
sileon is said to be in * solid solution "* in the 
iron, 

The object of the various processes to be 
described is to cause differences in the surface of 
the specimen, differences either of level or of 
colour, or both. 

The principal methods are as follows :— 

Etching.—The polished surface is subjected to 
the action of certain chemical solutions, generally 
acids. Parts of the specimen are attacked more 
quickly than others, or are coloured in a dis- 
tinctive manner, 

Deposition of another Metal.—This may be done 
electrically or by simply immersing the sample in a 
suitable solution of a metallic salt. Films of metal 
are deposited on the surface, the deposition pro- 
ceeding more rapidly on certain constituents. 

Polishing in Relief,—Polishing is continued on 
a soft wet material, parchment being — specially 
suitable, using a very fine abrasive substance. The 
softer constituents are worn down, leaving the 
harder ones in relief. The method known as 


Phosphide ‘tn a large, slowly-cooled casting, 
showing laminated structure (250 dias.). 
‘polish attack ” is similar except that a 2 per 
cent. solution of ammonium nitrate is used instead 
of water. A staining as well as a relief effect is 
thus obtained. 

Heat Tinting.—The specimen is heated at about 
300 deg. which results in the surface 
coloured owing to oxidation. Some of the con- 
stituents become coloured more quickly than others 
and are readily distinguished under the micro- 
scope. 

By far the most general method is that of etch- 
ing and tor cast iron the writer uses either a 5 per 
cent. solution of picric acid in aleohol or concen- 
trated nitric acid. There are many other re- 
agents which may be used, but for practically al! 
purposes those mentioned are sufficient. Picric 


acid is most suitable for the light etching which 
is particularly necessary for high-power work, 
while the nitric acid is used for deeper etching 
where considerable relief is not objectionable. 

In the case of picric acid the process is carried 
out by immersing the specimen for 30 to GO secs. 
in the acid solution, which should be kept in 
motion by gently rocking the dish, then immersing 
in two separate quantities of absolute alcohol and 
finally drving by evaporation. 


Fic. 17. 
Phosphide in a cast-iron test bar (259 dias.). 


When using nitric acid the specimen is held in 
a pair of forceps and dipped for an instant in the 
acid, It is then plunged rapidly into a large quan- 
tity of water and dried by immersing in alcohol as 
before. The process is repeated until the desired 
depth of etching is obtained. 

Combined Carbon. 

When an etched specimen of cast iron contain- 
ing no combined carbon is examined, the ground 
mass or matrix is seen to consist of crystals of iron, 
generally called ferrite to distinguish it from 
chemically pure iron (Fig. Ila). 

When it contains a small amount of combined 
carbon, the matrix consists of ferrite together with 
a grey constituent called pearlite. This grey con- 
stituent on close examination is seen to consist of 
alternate layers of black and white. Fig. 11) 
shows a cast iron containing 0.25 per cent. of com- 
hined carbon. The white layers consist of a com- 
pound of tron and carbon (iron carbide) and the 
black, of iron (i.e.. ferrite). The latter is seen 


Section A is cast iron, containing no free ferrite. It 
has been deeply etched to show distribution of phos- 
phides (25 diaz.). B contains free ferrite. It is deeply 
etched with nitric acid to show ferrite and 
phosphides (25 dias.). C contains free iron carbides, 
also deeply etched, showing mottled structure, iron 
carbides, and phosphides. D, heat-tinted cast iron 
showing pearlite (grey), and phosphide (white).  E. 
heat-tinted cast iron, showing distinction between 
phosphide (grey) and iron carbide (light-grey bars). 


dark in this case because it is dissolved by the 
etching acid more rapidly than the iron carbide. 
the latter being left in relief, and throwing a 
shadow over the ferrite. The metallographic 
name for iron carbide is cementite. 

Pearlite is an intimate mixture of iron carbide 
and iron, the mixture having always approximately 
the same proportions, namely about 1 part of iron 
carbide to 7 parts of ferrite. 


Kie. Is. Fic. 19. 
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As the quantity of combined carbon increases 
the areas of pearlite also increase; Fig. lle shows 
an iron containing 0.5 per cent. combined carbon, 
and it will be noticed that there is a great deal of 
pearlite and only very little free iron. When 
the percentage of combined carbon is about 0.8 the 
whole of the ground mass consists of pearlite, as 
seen in Fig. 11d. 

With a still higher combined carbon content 
there are visible white patches or bars together 
with pearlite (Fig. 12a, iron containing 1.25 per 
cent. combined carbon). The white material is 
free iron carbide, and is that in excess of the 
amount required to form pearlite. It is exceed- 
ingly hard, and is not acted upon by the ordinary 
etching reagents. These bars of iron carbide fre- 
quently pass through the phosphide areas. 

Fig. 12b shows an iron containing 1.75 per cent. 
combined carbon, and it is noticeable that con- 
siderably more free iron carbide is present. 

Finally, when all the carbon is in the combined 
form, that is, in a perfectly white iron, the micro- 
structure consists of large masses of iron carbide 
and a_ relatively smaller amount of pearlite 
(Fig. 12c). 

Fig. 13 shows well-developed crystals of ferrite 
in a sample of very slowly cooled cast iron. This 
crystalline structure is typical of nearly all pure 
metals or metals containing substances in solid 
solution. The laminated structure of pearlite at 
a very power, namely, 1,500 diameters, is 
shown in Fig, lL. 

Table IT. sums up the above observations as jar 
as the combined carbon is concerned :— 

Tasie IL. 


Amount of com- 
bined carbon. Matrix consists of 


| 
Nil | 


wae Ferrite (free iron). 
Below 0.8 ©, Ferrite -+ Pearlite (mixture of iren 
carbide and ferrite). 
About 0.8 °,, ie Pearlite. 
Above 0.8 cal Pearlite Cememtite 
(iron carbide). 


In both etched and unetched specimens there are 
visible smal] particles having a distinctive blue- 
grey colour. These are sulphide globules, and 
consist chiefly of compounds of manganese and 
iron sulphides. Tn cast iron they are rarely found 
uniformly distributed throughout the mass, but 
are generally segregated, i.¢., several are collected 
together as shown in Fig. 15. They are often 
more or less angular in shape. 

Fig. 16 shows the sulphides in a very unusual 
form, the peculiar cross-like formation being quite 
characteristic and occurring throughout the metal. 
The specimen is that previously referred to when 
dealing with graphite (see Fig. 10d). 

In iron containing high sulphur and very low 
manganese, iron sulphide is apparently formed, 
and is said to exist as very fine vellow coloured 
strings which materially weaken the metal. Up 
to the present, however, the writer has been 
unable positively to identify iron sulphide in cast 
iron, although he has examined specimens in 
which, according to their composition, it would 
presumably be present. 


Phosphides. 

Phosphorus combines with iron forming iren 
phosphide, and is seen as a white substance 
speckled with black or showing distinct lamina- 
tions, 

It is the last constituent of cast iron to become 
solid, and is, in consequence, foreed to the outside 
of the grains and solidifies between them. This 
causes the characteristic shape of the phosphide 
areas, which frequently have several projections 
or arms which partially encircle and separate some 
of the grains of iron. Figs. 17 and 18) show 
typical examples of this, the laminated form in 
Fig. 18 being specially evident in slowly cooled 
metal. 

On account of their low freezing point the phos- 
phides have a great tendency to segregate, and 
the following method is useful for showing the dis- 
tribution of phosphorus over comparatively large 
areas of the specimen. After examination at high 


powers the specimen is etched deeply by several 
immersions in HNO, and water as_ previously 
described. 


This treatment leaves the phosphides 


brilliantly white on an almost black background, 
and on examination-at about 25 diameters or less 
their disposition can be clearly seen. In photo- 
graphing it is best to underexpose the plate so 
that the background is rendered perfectly black 
(Fig. 19a). It is, however, to be remembered that 
if the specimen contains either free ferrite or free 
cementite (i.¢., iron carbide) that these con- 
stituents also will be uncoloured (Figs. 19b and 
19¢), and heat tinting should be resorted to in 


order to distinguish between them and_ the 
phosphides. 
Heat Tinting. 


This process provides a ready means of distin- 
guishing between some of the constituents of cast 
iron, notably phosphides iron carbide 
(cementite). By ordinary etching methods both 
these substances remain white, and if much iron 
carbide is present it is often very difficult to dis- 
tinguish them, 

When a_ polished specimen is heated to a tem- 
perature in the neighbourhood of 300 deg. C. the 
surface oxidises, but the various constituents. do 
not oxidise at the same rate. ‘The oxide films 
which are formed are, therefore, thicker on some 
parts than on others, and consequently show 
different colours by reflected light. All parts 
eventually pass through approximately the same 
range of colours, namely, yellow brown, red 
brown, purple, blue and finally vellowish white. 
The colours given by the phosphides are slightly 
different from the other constituents, a salmon 
colour being produced at the red brown stage and 
later a heliotrope instead of a pure blue. Tf the 
specimen is removed from the heat at any par- 
ticular stage it is found that certain constituents 
are more advanced than others, and are perfectly 
distinct. 

From his own experience the writer recommends 
the following method for cast iron :— 

The specimen is very slightly etched by immers- 
ing for about 10 seconds in a 1 per cent. solution 
of pierie acid in alcohol, washed in aleohol and 
heated for a few minutes at 150 deg. C. Tt is then 
rubbed with a clean cloth and floated on a bath 
of molten tin, kept at a constant temperature of 
350 deg. C. The duration of heating varies from 
} minute to about 10 minutes, according to the 
sample and the effect desired. If a lower tem- 
perature than the above is employed, longer 
heating is required, and the process is rather slow. 

Figs. 19d and 19e are typical examples of heat- 
tinted specimens, the former showing phosphides 
on a background of pearlite, and the latter iron 
carbide (straight bars) and phosphide (dark grey). 

In conclusion, the writer wishes to thank the 
North-Eastern Marine Engineering Company for 
permission to read this Paper, his chief, Mr. H. J. 
Young, for his help and encouragement and also 
Mr. F. C. Spencer for assistance in preparing the 
illustrations. 


Republic Company’s Earnings.—The Republic Iron 
& Steel Company (U.S.A.) in its report for the year 
ended December 31, 1922, shows a marked improve- 
ment in the financial condition as compared with the 
preceding year. Production of the various products 
for 1922 (compared with 1921) was as follows:— 
Tron ore, 969,669 (299,319); coke, 606.191 (337,671) ; 
pig-iron, 632,498 (301,080); Bessemer ingots, 122,013 
(122.068); open-hearth ingots, 609.535 (207,710) ; 
finished and semi-finished products, 733,496 (336,746). 
Coke and finished and semi-finished products in net 
tons of 2,000 Ibs.. all others gross tons of 2,240 Ibs. 
The production of the Bessemer plant in 1922 was 
the smallest in the history of the plant. The financial 
results in 1922 (and 1921) were as follows:—Gross 
profits, $2,520,862 ($809,120); depreciation and 
charges, $2,102,550 ($4,856.122) ; net profits, $418,312 
($5,665,242) ; dividends ($2,200,000) ; amount carried 
to surplus, $418,312 ($7,865,242); balance surplus 
account, $29,994,641 ($29,576,329). 


Luxemburg Output of Iron and Steel. The Grand 
Duchy in February produced 87,873 metric tons of pig- 
iron and 73,536 tons of steel. The pig-iron output 
included 86,813 tons of basic, 235 tons of forge, and 
825 tons of foundry iron. The steel output includea 
71,505 tons of basic Bessemer, 1.445 tons of open- 
hearth, and 586 tons or electric steel. 


THE FOUNDRY TRADE JOURNAL. 


. 


Aprit 5, '923. 


SKELETON CORE-BOXES. 
A Consideration of Principles. 

The apprentice generally finds it more diffi- 
cult to make skeleton core-boxes than skeleton 
patterns. It is difficult to account for this 
unless it is that it is an easier matter 
making a pattern than «a  core-box. The 
construction of a core-box may not be exception- 
ally difficult, yet many lads—and others—find the 
pattern-making for a job straightforward, but 
have infinite trouble in making the core-box. For 
this reason it is quite customary for a boy to make 
a pattern while an experienced journeyman 
constructs the core-box. 

In all probability the reasow is that it is much 
easier to follow the design of the outside of a cast- 
ing, on a drawing, than to trace the intricacies of 
the internal shape. Yet, if the apprentice has 
confidence in himself, and thoroughly masters the 
drawing, and has a knowledge of the principles of 
core-box construction, he ought to find this part 
of the job even easier than making the pattern, 
and, perhaps, more interesting. After all, if the 
pattern has been made first, it forms an excellent 
guide. When a pattern and a core-box are made 
concurrently by separate men, the core-box is, as 
« rule, the more difficult because of the afore- 
mentioned intricacy of the cores. 


The Outer Frame. 

When a skeleton core-box has to be made, 
whether large or small, the core shape should 
always be built inside a framed box. — This 
is not always done. There are patternmakers 
who build up a shape on a baseboard, and after- 
wards form an outer box by nailing pieces of timber 
to the section pieces, a method which is not only 
clumsy and slow, but is generally inaccurate. For 
small work the outer box need not be more than 
1 in. thick, but for large boxes it should be at 
least 14 in. thick, and in some cases even thicker. 

For small boxes the ends should be housed into 
the sides, but when the work is long and deep, say 
24 in. or more in length, it is quite satisfactory 
to dispense with the housing and use battens and 
check battens in the manner referred to in a 
previous article in this series. 

The first thing to be done when making a 
skeleton core-box is to prepare a bottom, or two 
bottoms if a full core-box is being made that neces- 
sitates two parts. It may or may not be advisable 
to draw the joint shape on the bottom. It should 
certainly be done if the core breaks through the 
bottom, and im many cases it is an advantage, 
because a set-square can be used from the bottom 
to locate the position of bosses. It may save time 
ultimately to draw a very full view of the core-box 
joint on the bottom, because, if each part has to 
he fitted separately, it can be tested before being 
screwed or nailed into position. In most cases, 
therefore, the apprentice should set out the shape 
of his core carefully on the bottom plate. 


Size of Frame. 


When framing up the outer box, the narrowest 
part of the smallest section piece should not be less 
than } in to ? in. thick, and in large work it is 
hetter to make it 1 in. This determines both the 
width and depth of the box, because the object is 
to give the core-maker space between the section 
pieces so that the filling-up sand will have suffi- 
cient body. With regard to length, assuming that 
the core breaks through at the ends, the core- 
prints on the pattern determine the length. Some- 
times the core-box is made without any cores 
breaking through sides or ends. This, however, is 
not good practice. The core-maker has then to 
eut holes in the ends of the box because his core 
irons are sometimes made longer than the actual 
core length. 

Too much care cannot be bestowed on construct- 
ing the outer case. Tf an elliptical or circular 
shape has to be built inside a square hox, and 
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accuracy has been observed in framing, it may be 
possible to screw the section pieces in position 
almost without testing. 

Joint Plates. 

All skeleton core-boxes should have joint plates, 
and these should fit inside the outer frame. The 
practice with regard to joint plates varies in 
different districts and in different shops. In some 
shops it is the practice to make all the section 
pieces to the joint face, and afterwards remove 
them and gauge } in. or 2? in. from the top edge. 
When this has been planed off, the pieces are 
replaced, and } in. or ~ in. plates fitted on to 
them. In other shops the section pieces are all 
made to the finished widths in the first place. 
This is quicker and equally as satisfactory a 
method. It is also better practice to make the 
joint plates } in. thick, and not only screw them 
to the section pieces, but to the sides of the box. 
When section pieces are wide, there is always the 
possibility of the core-maker moving them when 
filling the box, and the joint plate, in addition to 
outlining the shape of the core, binds the whole 
construction together. The apprentice is fre- 
quently at a loss as to whether it is better to fill in 
the box with carefully-fitted pieces, not finished to 
shape, and afterwards remove them one or two 
pieces at a time for finishing, or to draw every piece 
off at the drawing-board, finish, and screw into 
position. Much depends upon whether the work 
is or is not of regular shape. In the case of a 
plain cylindrical core, for instance, it would be 
folly not to finish all the pieces before screwing 
them into position. Tf, on the other hand, a 
tapered bend was being made, it would probably 
be desirable to screw the unfinished section pieces 
in, and, after drawing their shape, remove them 
for finishing. When making some boxes it is 
quicker in the long run to build the whole box, 
and then dissemble it for finishing. When the 
apprentice has difficulty in visualising a shape, he 
should fill in the box and remove the pieces for 


finishing. 
Irregular Shapes. 

Unless in the case of plain cores, it is usually 
more difficult for the core-maker to define the 
shape when filling up the spaces between the sec- 
tion pieces than in the case of patterns. For this 
reason the pieces should, in irregular shapes, be 
closer to each other. When a small straight-edge 
can be used by the core-maker, a space of 23 in. 
or even 3 in, can be left between the pieces, but 
in many other cases it is necessary to make them 
closer. In core-boxes where many ribs and bosses 
have to be fitted it is frequently necessary to fit 
special pieces to support these. In other eases, 
when building in a spherical shape of pieces 
radiating from a centre, it may be advisable to fit 
additional pieces to prevent the spaces being too 
great at the outer diameter. 

The practice should always be followed of test- 
ing with straight-edge or templates across the 
section pieces before passing the core-box as 
finished. It is surprising how, even when the 
greatest care has been taken, in drawing off and 
finishing some edges will project slightly beyond 
others, making it impossible for the core-maker to 
make a good core. It is also wise not to finish off 
the top edges of the section pieces until the joint 
plates have been shaped; indeed, wherever two 
section pieces join they should be left ‘‘ full’ just 
at that part for final finishing. 


Question of Sandpaper. 

Tt should not be necessary to use sandpaper on 
skeleton work—either patterns or  core-boxes. 
There is far too much sandpaper used in most 
pattern shops. The apprentice should accustom 
himself to making a good tool finish. This applies 
almost as much to solid as to skeleton work. In 
making section-pieces it should certainly be pos- 
sible, in nearly every case, to make a good finish 
without sandpaper. In shops where there are no 
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sanders, gouges and chisels should be used to shape 
the work, and the spokeshave will smooth it better 
than sandpaper. The apprentice should accustom 
himself to using rubbers when it is necessary to 
sandpaper. This applies to corners where there 
is not room to use a spokeshave. 

What was said in a former article as to the use 
of nails or screws for skeleton patterns is equally 
applicable to skeleton core-boxes. Apart from ease 
in construction, dissembling the work is mucn 
easier when screws have been used, and it often 
happens that alterations have to be made before 
the work is passed for the foundry. 


Solid Blocks. 

In all but the plainest boxes it is necessary to 
insert some solid blocks. A solid block is always 
better than a questionable skeleton shape. Some 
skeleton core-boxes do not reflect. credit on the 
patternmaker who made them, and it is only the 
great skill of the core-maker which prevents spoilt 
castings. The shape of a core-box ought to be 
very carefully tested from the joint face, and at 
every irregular part of the box a solid block should 


be fitted. 
Half Core-box Method. 

In most patternshops where much skeleton work 
is done it is common practice, instead of making 
a full core-box, to make a box carrying the shape 
of the bottom half of the core and strickle the 
remainder, or part of the top shape formed in a 
box and the remaining part strickled. With a 
straight core the two halves of which are exactly 
the same, the usual practice is to make two halves 
from a one-half box and secure them together. 
This is not possible when right and left halves 
have to be made. The number of cases in which 
this method could be adopted is reduced because 
many such cores can be more readily prepared on 
a horizontal spindle. In some types of bush cores, 
however, the half-box method is quite good, even 
if strips for white metal have to be altered for the 
second half. 

When a half box only is made, a half height 
strickle may be used to define the top shape, and 
it may be necessary to make bridge pieces to carry 
bosses or ribs. Sometimes it is more convenient 
to use straight-edged strickles, or strickles having 
a profiled edge similar to the longitudinal shape 
of the required core; in such cases bridges or 
runners must be secured to the joint surface of 
the half bex upon which the strickles can ride. 
These are usually preferred to the half-height 
board for larger work. 

Because of irregularity of shape a full box is 
often essential, and a point worthy of considera- 
tion is whether it is better to frame up a box the 
overall depth and saw through on a centre line or 
to make two quite separate boxes in the first place. 
The former method ensures that both halves are 
exactly the same, and, because of this, is prefer- 
able. It is usual to make the box } in. deeper 
to allow for a circular saw cut. If the core box 
is very large, however, it becomes difficult. to 
handle, and, if the two boxes are made by one 
person concurrently they ought to be accurate. 
Some patternmakers complete one-half of the core- 
box and then build the top frame on it, using tem- 
porary long battens on sides and ends. This is a 
somewhat slow method, and has nothing to recom- 
mend it. What is quite good, however, is to pre- 
pare sides and ends for both halves, and, after 
screwing one half-box together, to construct the 
second half on top of it. The difference between 
the two methods is that, in the former case, the 
second half is treated as a separate job, whereas, 
in the latter case, the various parts for both 
halves are made concurrently, and thus are exactly 
the same. The only advantage of building the 
second on top of the first is that it is not necessary 
by doing so to use squares, 


Dowels. 

With regard to dowelling skeleton core-boxes, 
sometimes the usual methods are followed ; that is, 
either wood or metal dowels are inserted. Another 
tvpe of dowel is quite commonly used, however. 
This is a narrow batten projecting about 3 in. or 
{; in. above the joint of one half which slips 
between two corresponding battens on the other 
half that are flush with the joint. Provided the 
battens are well screwed, they form quite satis- 
factory dowels. 


Filling in. 

In filling in an outer frame with section pieces 
there is frequently a choice of two methods. 
Kither the pieces may be carried to the frame at 
various angles, each one being different, or inside 
the frame grounds may be fitted and all the sec- 
tion pieces made from a template and butted 
‘against them. Let us for a moment consider the 
construction of a spherical core inside a square 
frame. To fit each piece between the frame and 
a centre a few inches in diameter is a slow pro- 
cess; consequently, inside the frame segments 
might be fitted on the bottom of the box and near 
the top, forming a diameter, so that the core- 
forming pieces would be of uniform shape. It 
must be admitted, however, that this does not form 
as strong a core-box. 


Coke as a Blast-Furnace Fuel. 


Operators believe that loss by ‘‘ solution ” of 
coke in the blast-furnace stack gases is detri- 
mental to economical operation. A laboratory 
test has been devised at the Southern station of 
the Bureau of Mines by which the relative 
reactivity of cokes with carbon dioxide may be 
quantitatively determined. Correlation of test 
results with those of actual furnace practice will 
be undertaken on furnaces operating on coke from 
Alabama, Pennsylvania and Illinois coal. 

Combustion of coke in the blast-furnace hearth 
has also been studied in the Birmingham district. 
Additional work will be done at furnaces in the 
Pittsburgh districts and at the furnaces of the 
St. Louis Coke and Chemical Company at Granite 
City, Ill., which are operating on coke from 
Illinois coal. By means of analyses of gas taken 
from different parts of the blast-furnace hearth, 
the rate of combustion of different kinds of coke 
will be determined under actual operating con- 
ditions. Results so obtained will be correlated 
with the physical and chemical properties of the 
coke as determined by laboratory tests. 

In making calculations of the efficiency of opera- 
tion of a blast furnace, the amount of carbon 
available for combustion at the tuyeres is taken 
as the so-called fixed carbon of the proximate 
analysis. The official determination of volatile 
matter is made at a temperature of 950 deg. C. 
Since coke is subjected to temperatures up to 
1,800 deg. C. before being burned at the blast- 
furnace tuyeres. there is the possibility that less 
carbon is actually “ fixed’’ in a condition to 
reach the tuyeres than is indicated by the ordinary 
proximate analysis. Experiments are now under 
way at the Birmingham station of the Bureau of 
Mines in which the volatile matter of several 
varieties of metallurgical coke will be determined 
at temperatures up to 1,700 deg. C.—Chemical 
and Metallurgical Engineering. 


Catalogues Received. 


JoserH Kaye & Sons, Limitep, Lock Works, 
Leeds.—A catalogue dealing with oil cans. Their 
latest speciality we described and_ illustrated in 
our last issue.  Foundrymen will do well to 
include this in their collection of catalogues, as 
there exists a special can for every job. 


Preparation of tron Sponge.—The study of the 
preparation of iron sponge is being continued at the 
North-West Experiment Station of the U.S. Bureau 
of Mines. The object of the study is to develop a 
method by which iron sponge can be made by using 
low-grade coals and iron ore in a direct-fired, rotary 
kiln. The iron sponge will be prepared with a view 
to utilising it in the production of foundry iron and 
steel, and for the precipitation of copper from solutions 
resulting from leaching operations. Tests will be made 
in a semi-commercial size furnace that will treat about 
half a ton of ore per day. Attempts are to be made 
to increase the rate of reduction of the iron oxide 
by adjusting the operating conditions of the furnace 
and the conditions of the charge. Concentration studies 
will be made on a product with a view to obtaining a 
high-grade iron sponge suitable for melting in an 
electric furnace, or for use in precipitating copper from 
solution. 
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Correlation between the Physical 
and Chemical Properties of Basic 
Bessemer Steel. 


Herr Orto Honz, manager of steelworks in 
Oberhausen, in a Paper before the Steelworks 
Division of the Association of German Iron- 
masters, remarked that not so long = ago 
there was a tendency to attempt to solve 
all metallurgical problems on the chemical 
basis only, the physical side of the question re- 
ceiving scanty attention, This tendency was very 
marked in the basic Bessemer process, in which 
the reactions taking place during blowing were 
almost exhaustively studied whilst the influence of 
the heat of the meta! on the iron content in the 
slag and the losses by ejection and other waste had 
been barely investigated hitherto. The German 
steel-maker well as the blast-furnaceman 
are accustomed to classify the metal as “ very 
hot,’’ “hot,’’ “average,’’ or “cold,’’ according to 
its chemical composition. But every steel-worker 
must have frequently observed that a metal noted 
as “very hot” did not behave in accordance with 
that definition, whilst a metal with a lower con- 
tent of silicon, manganese, and phosphorus behaved 
very well in the converter. The fact was that tne 
behaviour of the metal did not always depend 
entirely on its chemical composition, but also, and 
perhaps to a greater degree, on its sensible heat. 
During periods of rush work the steel-maker’s 
work was made very much more easy if at begin- 
ning of the week he could quickly empty the two 
mixers so that by the addition of newly-made iron 
the metal in the mixers could be heated up and 
made more fluid. On the other hand, if, 
owing to a hitch, the mixers became too 
full, the metai thickened and became more 
and more difficult to blow. It then became 
necessary to reduce the charge in the converter 
in order to avoid loss by ejection, and the pig-iron 
from the blast furnaces might have to be run off 
into the pig bed in order to relieve the mixers. 
Where this could be avoided a portion of the metal 
should be drawn from the mixer and fresh iron 
straight from the blast furnace should be added. 
The lay-out of many works, however, did not per- 
mit this expedient. It was then customary to 
attribute the bad behaviour of the metal in the 
converter to an insufficient content of silicon and 
manganese. On the other hand, this behaviour 
had also been ascribed to the content of these 
two elements being too high! The man at the 
blast furnace, in his turn, formed an_ opinion 
about the quality of the pig-iron by the 
appearance of its fracture, with the result 
that the two departments would be at logger- 
heads. As a matter of fact, the cause of 
the trouble was that the sensible heat of the metal 
sank in proportion with the quantity of metal 
accumulated in the mixer, with the result that its 
fluidity was lowered and the metal in the converter 
worked badly. 

It might be assumed that all the steelworks in 
Westphalia were equipped with converters of the 
standard design, that their blowing plants were 
efficient and that their steel makers’ were 
thoroughly experienced operators. Every plant 
therefore might be expected to show similar re- 
sults with iron of the same chemical composition ; 
this, however, was not the case. For example, at 
one works of the Dortmund Union steel high in 
silicon (up to 0.8 per cent.) and often compara- 
tively low in phosphorus was systematically blown, 
whilst at the Gutehoffnungshiitte it was not found 
possible to accomplish this. The reason was attri- 
buted to the fact that at the Dortmund Union 
plant the blast furnaces, mixers and converters 
were placed close together. consequently the loss of 
heat during transport of the molten metal was less 
than at the Gutehoffnungshiitte, where the blast 
furnaces were some distance away from the Besse- 
mer plant. A comparison of the temperatures of 
the metal coming from the mixers at six different 
works showed the following variations :—Dort- 
mund Union. 1,200 deg.; Rhenish Steelworks, 
1.190 deg.; Phoenix Heerde. 1,220 deg.: August 
Thyssen-Hiitte, 1,260 deg. : Hosch, 1.200 deg. ; and 
Gutehoffnungshiitte, 1,120 deg. Until 1912 the 
Kladno Works were actually making high-quality 
steel from pig-iron of the following composition :— 


Phosphorus, 2 to 2.4 per cent.; manganese, 0.1 per 
cent.; silicon, up to 1 per cent.; and sulphur, 
0.06 per cent. At these works no mixer was used 
at the time of the author’s visit, while three acid 
open-hearth furnaces were continuously melting basic 


Bessemer pig-iron with off grade" iron, Owing 
to their liniited capacity, the mixing in the open- 
hearth furnaces was incomplete. They were, how- 
ever, operating with an iron of remarkable fluidity. 
A mixer had since been installed at Kladno to 
allow of an iron of higher manganese content being 
used and to reduce the sulphur content. Accord- 
ing to one of the directors at Kladno, the iron with- 
out manganese, used before the war, was more fluid 
and hotter than the iron with high manganese 
content used since. At present pig-iron of the 
following composition was being used at Kladno :— 
Manganese, U.5; P, 2.5 to 2.7; Si, 0.5 to 0.7; §, 
0.05 per cent. An experiment during the war 
with a 450-ton mixer and with iron low in man- 
ganese resulted in a very viscuous slag deposit- 
ing a thick crust which quickly reduced the capa- 
city of the mixer by one-third. The wonderfully 
small amount of loss in producing basic Bessemer 
metal at Neunkirchen formerly had been remarked 
upon. This was probably due to the high tempera- 
ture of the metal and the short duration otf the 
blow, reducing the losses by combustion in propor- 
tion. -The slag contained only 8 per cent. iron 
and less, with 2 to 4 per cent. Mn. One of the 
directors ascribed the success to the small ratio 
of the size of the air passage to the ton of metal, 
which had an important bearing on the iron con- 
tent in the slag. The average analysis of the 
pig-iron at Neunkirchen was formerly :—C, 3 to 
3.2; Mn, 0.8 to 1.2; Si, 0.25 to 0.35; P, 2 to 2.2; 
and §S, less than 0.1 per cent. ‘This plant 
then operated without any mixer, the iron from 
two different blast furnaces being charged directly 
into a converter. A low-manganese iron was 
melted in a cupola and was of the following 
analysis: —Mn, 0.1 to 0.14; P, 1.75 to 1.85; Si, 
0.28 to 0.35; S, 0.08 to 0.12; and about 3 per cent. 
C. The capacity of the converter was about 12.5 to 
14 tons. The practice had since been changed at 
Neunkirchen. These works were recently called 
upon to blow iron with manganese content of less 
than 0.8 per cent. They tried it for a week, but 
signally failed, and then gave up the attempt. It 
was evident from this that the iron having 
had to pass through the mixers and _ haying 
cooled down somewhat on its way to the con- 
verters, spoilt the chance of success with iron so 
low in manganese. 


Iron with Known Amount of Gases. 


According to “ The Foundry,”’ frequent requests 
are now being received by the United States Bureau 
for standard samples of iron having certified 
gas or oxygen content. These requests have come 
from technical schools and university laboratories 
and experiment stations, from metallurgical 
plants, and from commercial research institutions. 
Practically every request states that the material 
is required for checking and standardisation of 
analytical methods employed in investigating the 
effects of gas content upon the quality of some 
iron or steel product. Such requests are usually 
accompanied by questions for advice as to suitable 
methods of chemical analysis. The Bureau is now 
developing suitable methods for the determination 
of oxygen and hydrog:n in metals. 


French tron Ore Output.—The French iron-ore out 
put last January totalled 2,392,779 tons, as compared 
with 2,181,286 tons last December. 


Coal for Russian Transport.—The Russian Council 
of Labour and Defence has advanced 1,000,000 gold 
roubles (£105,600) for the purchase of foreign coal to 
meet the requirements of State navigation and the 
Transport Commissariat. 


Tue Consett Tron Company, Lrmitep, in connection 
with the reconstruction of their mills, propose to pull 
down their present plate mills and buildings and 
dispose of the whole of the material, including all 
the spare parts. The site is to be cleared to the 
ground level within three months from May 1. 
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Discussion on Mr. T. F. Hardyman’s Paper on 


Machine Moulding Methods.* 


Mr. Water Deacon said until recently there 
had been very much opposition to the introduction 
of machines in the foundry by the moulders. That, 
perhaps, was only following out the sequence of 
ordinary history, because everything that had yet 
heen devised for the benefit of mankind had 
generally been bitterly opposed by those who would 
receive the greatest benefit from it. As a member 
of the Institution of British Foundrymen, however, 
he was pleased to notice that foundrymen were 
heginning to realise the advantage of the applica- 
tion of the best mechanical methods, and it was 
quite necessary, if we were to retain our position 
in the manufacturing world, that we should 
welcome the introduction of the machinery in any 
form instead of being prejudiced against it. 


Sand Slinzer Machine. 


Mr. V. C. Fauiknxer remarked that no discourse 
on moulding machines would be complete without 
some reference to the latest importation from the 
States, i.¢., the sand-slinger machine, and he would 
have liked the author's views on that. This 
machine did not apply to the castings referred to 
in the Paper, as it was a machine essentially 
suitable for big jobs. This sand-slinger machine 
was capable of ramming a bath core in 4% minutes, 
whereas ramming by hand would probably take an 
hour or an hour and a half, and this was a con- 
siderable gain. At the same time, this machine 
could scarcely be considered a moulding machine 
as such, because it was necessary to have some 
pattern drawing attachment, either by an overhead 
erane or some other special arrangement. 


Poor Opinions of Foundries. 


Mr. Kenwortny, speaking from the production 
point of view, said he had found very great diffi- 
culty in getting satisfactory results the 


moulders generally. There was, however, un- 
doubtedly considerable tendency towards an 
improvement in moulding methods, but it was none 
too early. A short time ago he had to reject some 
castings. There were two flanges at the end of a 
evlindrical bore on these particular castings, and 
the distance between the inside of the flanges was 
so great that when the cylinder had been machined 
to the right distance there were no flanges left. 
The foreman at the particular firm pointed out 
that as the casting had some resemblance to the 
<lrawing, it must be satisfactory and that he could 
take no responsibility for it. That, perhaps, was 
an isolated case, and, needless to say, that foundry 
received no more orders from him. At another 
firm with which it had been his misfortune 
to deal, it was found to be their usual 
practice, when they received a repeat order, to 
find the old pattern and put it into the mould 
without having any regard to whether there had 
been any drawing alterations in the meantime or 
whether the old pattern was distorted through 
being out of use for a considerable time. This firm 
had now been persuaded to adopt a system of 
inspection of drawings when receiving repeat 
orders. Eliminating cores in castings made on a 
hydraulic machine, he took it, could only be done 
to a certain degree. From the illustrations which 
had been shown he failed to see how it would be 
possible to core any casting on this type of machine 
which had not got a straight through-core. Tt 
might be possible, and in that case he would like 
the author to explain the method by which it could 
he done. There was also the question of intricate 
castings, such as the crank cases for internal com- 
bustion engines. He had had a good many talks 
with foundry people about methods of producing 
that particular casting, and they seemed to be 
about half and half in favour of machine moulding 
and hand moulding. The argument against 
machine moulding was that there was a consider- 
able amount of coring to be done, these cores 


* This Paper appeared in the March 22, 1923 issue of THE 
FOUNDRY TRADE JOURNAL. It was presented to the Institution 
of Production i.ngineess. 


having to be placed in position by hand, only the 
shell being produced by the pattern; thus there 
Was no great advantage to be obtained by machine 
moulding in this case. On the other hand, there 
were foundries which professed to be able to obtain 
probably a reduction of 10 per cent. in weight by 
machine moulding. He had been very much 
interested in the remark of the author as to 95 per 
cent. of the foundry jobs being capable of being 
dove on machines. The point here was as to what 
was the minimum quantity which could be 
economically produced by machine moulding as 
compared with hand moulding. A guide as_ to 
that quantity, if it could be given by the author, 
would be of great assistance. 


Pattern-Drawing Machines. 

Tur Prestpent (Mr. Max R. Lawrence) said the 
author had not touched on one feature of moulding 
machine, the machine which only drew the pattern, 
There were a number of those machines in that 
foundry, and he had used them subsequently in 
other foundries that he had managed. The 
machine consisted simply of a plate accurately 
machined on both sides and having two holes for 
the pins of the box going straight through and 
parallel, The patterns were then made with the 
dowell pins in such a, way that they married with 
the dowell pins machined into the plate, or, in 
some instances, he had turned a_ circular hole, 
about 6 in. dia., through the plate, the plate being 
* in. thick, and the jatternmaker provided a 
similar joint to locate the two halves of the pattern 
together. It was therefore a simple matter for 
anybody to attach the two halves of a pattern that 
was capable of being moulded in two halves to each 
side of the plate, and when moulding one half, the 
pins in the boxes were used, and when the other 
half was being moulded, the pins in the plate were 
used. The method was to put the box on the 
table, fill it with sand, ram and turn it over, and 
the parallel motion took the box by gravity away 
from the plate, and so did away with the necessity 
for the extreme skill which he had always admired 
in the moulder’s capacity to lift a great weight 
parallel over great distances. The moulding 
machine only performed what he should eall a 
tithe of the work in a foundry. When they came 
to castings of 30 tons, or even 12 tons, it was hard 
to imagine a moulding machine which would do the 
work, or, at all events, to imagine a production 
sufficient to make a moulding machine economical. 
He had heard to-night for the first time from one 
of the speakers of a machine of which he should 
like more particulars. It was called sand- 
slinging machine, by which he imagined the sand 
was blown through a pipe on to the pattern. 

Mr, FauLKNER said the sand came down a shoot 
on to a quickly rotating impeller, and the sand was 
thrown into the mould at a very high speed and 
was consolidated in that way. 

Tue Prestpenr said that obviously saved the 
moulder the fatigue of ramming up the mould, and 
it seemed an admirable method for large work. 
Coming to the particular type of moulding 
machines which the author had described, he (the 
President) said that in a foundry which he built 
in 1911 he was faced with a serious labour problem. 
The directors insisted on having moulding machines 
in the foundry as it then existed. His reply was 
that if moulding machines were to be installed a 
new foundry must be built, because it was a human 
impossibility to instal moulding machines in a 
foundry which was not already working them. He 
told his directors that the moulders would walk 
out of one door as the machines came in at the 
other, and, therefore, they would get no castings 
at all. The result was that he built a new foundry 
and bought one of every type of moulding machine 
he knew of, that would be suitable for the weight 
of castings in the motor-car industry, and he 
included one of his own design which he had 
worked when he was a lad. He put labourers on 
to these machines and was able to reduce the piece 
prices by one-third. In a very short time he 
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received a deputation from the moulders asking 
to be allowed to work the machines at the new 
prices. He agreed, and to-day the machines were 
being operated on these lines and were moulding 
castings of motor-car engine cylinders with four- 
part boxes on turn-over moulding machines which 
were rammed up by hand. He did it this way 
because he had had no success with the squeezing 
machine, as on the types of casting he was then 
dealing with there were projections, i.e., there was 
a flange broader in the centre and it was necessary 
to get the sand consolidated underneath it as well 
as over the top of it. The squeezing machine 
would squeeze the sand on the top, and until he 
had seen the author’s downsand frame that even- 
ing he did not see how it was possible to squeeze 
the sand underneath in the case of these castings. 
With the jar ramming machine, however, no 
casting with a shelf on it could be successfully 
moulded. He had proved that to his own satisfac- 
tion, and he had tried very hard. 
Casting Railway Chairs. 

Referring to the casting of railway chairs, at the 
foundry where he served his time six moulders 
would mould 250 tons of 56 Ib. chairs every week, 
and they were doing the same to-day. Every 
moulding machine that was known had been tried, 
but without success. The extraordinary thing was 
that the patterns, which were made in four pieces, 
were made of cast iron and weighed 56 |b. They 
had tried aluminium and coring them out in the 
centre to lighten them, but the moulders would not 
have it. They preferred the old patterns which 
they were used to and preferred to lift 56 lb. out 
of the mould every time, and this meant that each 
moulder had to make 16,606 56-Ib. lifts of certainly 
not less than 4 in. for his week’s work. The chief 
bar to the use of the moulding machine was the 
extraordinary number of boxes required to deal 
with the output. It took a certain time to put the 
pattern on the plate, and care must be taken in 
seeing that that time, say five hours, in setting up 
the machine was saved the subsequent 
operations. 

Moulders Indicted. 

Mr. ATKINSON, speaking upon the opposition of 
moulders to moulding machines, said that he had 
experienced that trouble in Scotland recently. In 
one foundry there were several jar machines, and 
the men were perfectly willing to work them, In 
a foundry only a short distance away and doing 
the same work the men would not work them 
under any circumstances. At the same time, the 
men would go from one factory where they refused 
to work the machines to another factory where the 
men were already working the machines, and they 
would work them there. He knew of one firm 
which had put down five jarring machines which 
had been penalised because the men had been told 
they must not work them. In one case he knew 
of a machine had been installed, the output of 
which was 120 moulds per day. Labourers were 
put on to them, and they produced 90 moulds per 
day. Then the moulders went on strike because 
they said they themselves must work the machines ; 
they were put on them, and the output was 20 
castings per day, and they said they were so 
fatigued that on their way home they had to call 
in for refreshment. Then the employers put on 
apprentices—to which there appeared to be no 
objection—and the apprentices turned out 75 
castings per day and played football afterwards! 

Mr. E. Harwoov Brown said there was one 
thing the author had hardly touched upon, and 
that was, that where a jolt ramming machine was 
installed and they had a pattern with a flat top, 
an ordinary wooden pattern suitable for any mould 
could be used on that machine and utilised with 
almost any pattern plate for the production of one 
or 100. That seemed to stand out in the jobbing 
foundry as the great advantage of the jolt-ramming 
machine, and the fact of the pattern sloping } in. 
or 1 in. across the box did not matter much, 
hecause of the flat top on the pattern. The Presi- 
dent had pointed out the difficulty of getting 
machines to ram round the corner, and he would 
like to know the author's experiences in the intro- 
duction of loose pieces into patterns which were 
heing produced by the machine. He had seen 
jolt-ramming machines on the Continent with 
these pieces pinned through with taper joints, 


which were withdrawn afterwards and the holes 
rammed up by hand, That seemed to overcome, 
to a great extent, the difficulty of ramming under- 
neath. Machines might also be introduced into 
the foundry for the production of cores. 


THE AUTHOR’S REPLY. 

Mr. HarpyMan, replying to the discussion, dealt 
first with’ the question of moulders and their atti- 
tude towards machines. No man had suffered, he 
said, more from that than himself. When he first 
installed machines in his foundry 14 years ago the 
men went so far as to break the machines. With 
a total capacity of 200 tons of castings per week, 
there was only 5 per cent. skilled moulders in the 
place. He made motor cylinder castings for the 
leading motor firms, and skilled men did not touch 
them. Girls made the jacket cores, crank case 
cores, ete., and skilled moulders had nothing to do 
with them. The only skilled moulders were those 
kept for jigs and one-off jobs, which it would be 
ridiculous to put on a machine. The secret of it 
all was the pattern plates. It was really difficult 
to understand what he had been telling them with- 
out actually seeing it done, but a moulder could 
make a pattern plate of the type he had been 
speaking of in about the time he would make three 
moulds from a pattern. The operations were 
practically identical. The pattern plate (Fig. 19) 
was rather a relic. It was one of the first he had 
made, and he did not think he had made a more 
intricate one to this day; it took him just over 
two days to make it, and it was a very intricate 
plate because it made the top part of the plate as 
well as the bottom, 

With regard to the sand-slinging machine that 
had been mentioned, there were two objections to 
that. One was in keeping the facing sand in 
position on the pattern, and the other was that 
there was similar finishing off to do in ramming 
the final stages of the box and hand scraping it 
off, as there was with the jar machine. With the 
hydraulic machine there was none of this. At the 
same time, with regard to the sand-slinging 
machine, he ought to explain that his Paper was 
not concerned with castings weighing tons. He 
did not know of a hydraulic machine which would 
make castings weighing three or four tons, and the 
uumber of pneumatic machines capable of making 
castings weighing several tons was very limited, 
and they would be very expensive. Unless there 
was a large quantity of these heavy castings to be 
made he would not recommend machines being 
installed. One speaker had asked as to the sphere 
of utility of the jar-moulding machine. As he had 
said in the Paper, this machine had a very useful 
sphere inasmuch, as one could put a wood pattern 
on the machine and jar up a very few moulds with- 
out a pattern plate at all. That was what he 
called jobbing machine moulding, and the jar 
machine answered a very useful purpose in that 
respect. The same thing could be done on the 
hydraulic machine without a pattern plate. The 
controlling factor was the moulding box in each 


case, 
Coring Out Methods. 

As to projections on the patterns, the 
downsand frame which he had explained was 
designed entirely and solely for dealing with deep 
moulds and patterns on which projections were 
present, either in the form of flanges or loose 
fittings. | For the hydraulic machine a_ pattern 
plate could be made in an hour and a half, but 
that pattern plate could not possibly be used on a 
jar-ramming machine because the jar would smash 
the plate to pieces. Reference had been made to 
a machine in which the moulds were rammed by 
hand and the patterns extracted by the machine. 
That was not a moulding machine at all; it was 
a pattern extracting machine. As to locating the 
patterns on the plates, he had also devised a 
method by which the patterns could be located in 
three minutes without any cross cuts at all and 
without boring any holes in a lathe. 

Reference had also been made to 30-ton castings, 
but these he would include in the 5 per cent. 
remaining after the 95 per cent. of work which he 
had said could be done on machines. Castings 
between 1 oz. and 10 cwt. formed 95 per cent. of 
foundry work in engineering castings. 

A hearty vote of thanks was accorded the author 
at the conclusion of the discussion. 
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Trade Talk. 


FouR MORE BLASf FURNACES are to be relighted at 
the Stanton Ironworks. 

THIS YEAR SUMMER: TIME Will begin at two o'clock 
on Sunday morning, April 22, and end at two o’clock 
on Sunday morning, September 16. 

Ws. BearpmMore & Company, LimiTep, have 
received an order for 3,358 pairs of wheels and axles 
for the East Indian Railway Company. This contract 
is valued at over £130,000. 

J. Wuittatn & Company, Limited, merchants and 
engineers, 9, Fenchurch Avenue, London, E.C.3, have 
removed to St. Stephen’s House, Victoria Embank- 
ment, Westminster, S.W.1. 

AT THE ANNUAL MEETING of the British Empire Steel 
Corporation at Montreal it was decided to reduce the 
authorised capital from $500.000,000 (say £104,166,666) 
to $250,000,000 (say £52,083,333). 

THE FOREIGN ORE traffic at the Senhouse dock at 
Maryport is at present brisk. Last week three vessels 
arrived with cargoes of ore for the United Steel Com- 
panies, Limited, the total amounting in all to 12,000 
tons. 

Pease anp Partners, Limited. are about to damp 
down two blast-furnaces at the Lackenby Ironworks. 
With the relighting of an additional blast-furnace the 
Skinningrove [ronworks have reached a state almost 
ot full activity. 

CONSIDERABLE PROGRESS has been made with the 
construction of the 60,000-ton floating dock building 
at the Walker Shipyard of Sir W. G. Armstrong, 
Whitworth & Company, Limited, and the first section 
was launched from the Armstrong Yard on March 22. 

THe Hutt Tramway Commitree have accepted an 
offer of the Anglo-Belgian Improvements Corporation 
for 1,000 tons of rails with accessories at the follow- 
ing rates :—Rails, £11 1s. per ton; fish plates, 
£12 10s.; and sole plates, £13 2s. 6d. This repre- 
sents an increase of £2 2s. 6d. per ton all round on 
the present contract. 

Mr. J. C. Bishop and Mr. O. Coyle, joint secre- 
taries of the Scottish Manufactured Iron Trade Con- 
eiliation and Arbitration Board, announce that the 
average net selling price of Scottish manufactured iron 
for the months of January and February’ was 
£10 16s. 11.79d. This means that there will be no 
change in the wages of the workmen. 

Licences under the Non-Ferrous Metal Industry 
Act, 1918, have been granted to T. Burley, 66, 
Wordsworth Road, Small Heath, Birmingham; A. P. 
Collins, Crescent Wharf. Birmingham; H. F. James, 
Chemical Works, Cwmavon, Glamorgan; Lawson & 
Aiton, Gavin, 61, Fore Street, London, E.C.2; and 
Mann, Taylor & Company, Limited, London House, 
35, Crutched Friars, London, E.C.3. 

Tue joint secretaries of the South Wales and 
Monmouthshire Iron and Steel Workers’ Sliding 
Scale Board announce that the result of the audit for 
the three months ending February 28, 1923, shows an 
increase in the average net selling price of 2s. 7.93d. 
per ton. as compared with the three months ending 
November 30, 1922. That gives an increase to the 
workmen who follow the iron and steel workers’ 
sliding scale of 1) per cent., which will take effect 
as and from April 1 of this year. The wages, there- 
fore, from April 1 until June 30 will be the standard 
rates plus 52 per cent., the percentage to the end 
of March being 503. 

An INDICATION of the excellent work done by the 
toyal Metal Trades’ Pension and Benevolent Society 
was given at a luncheon in London. The president 
(Mr. R. W. Kennard, J.P.). in proposing the health 
of Mr. John Scott Balfour, J.P., the late chairman of 
the board of management, said that when Mr. Balfour 
took office fourteen years ago he had said that he 
would not be satisfied until the invested funds stood at 
£50,000. That sum had been reached at the con- 
clusion of the past year. Mr. Balfour, in responding, 
mentioned that since the beginning of the year a 
larger amount had been granted in temporary relief 
than had ever been given before over a similar period. 
Mr. J. S. Balfour was subsequently the recipient of 
a presentation. 

AT THE ANNUAL GENERAL MEETING of the National 
Federation of Tron and Steel Manufacturers, held 
recently. the thanks of the Federation were expressed 
to Mr. John Craig, C.B.E. (chairman and managing 
director of David Colville & Sons, Limited), the retir- 
ing president, for his services to the Federation during 
the past year. Mr. Arthur Dorman (Dorman, Long & 
Company. Limited) was elected president for the 
ensuing year; Mr. C. E. Lloyd. O.B.E., M.P. (N. 
Hingley & Sons, Limited). and Mr. Albert Peech 
(chairman, United Steel Companies. Limited), vice- 
presidents; and Mr. Edward Steer (chairman of 
Guest, Keen & Nettlefolds. Limited) was also elected 
a vice-president in place of Mr. Arthur Dorman, 
elected president. 


Company News. 


Barrow Hematite Steel Company, Limited.—Profit, 
£105,107; brought forward from last year, 
£5,333 10s. 5d., a total of £110,441; debenture stock 
interest, income-tax thereon and redemption fund, and 
one-fifth expenses of debenture stock issue, £103,922; 
balance, £6,518; cumulative dividend on first prefer- 
ence shares, less tax, £2,262; carry forward, £4,256. 

Cammell, Laird & Company, Limited.—Profit, 
£195,906; transferred from reserve, £50,000; ordinary 
dividend, 5-per cent. for year, less tax; half-year’s 
final dividend on preference, 25 per cent.; carry for- 
ward, £31,223. 

Cyprus Magnesite, Limited, 15, Grosvenor Mansions, 
82, Victoria Street, London, 8.W.1.—Capital £10,000 
in 10s. shares. 

Leech, Brain & Company, Limited, 15, Glancus 
Street, Bow, London, E.—Capital £2,000 in 1,900 pre- 
ferred ordinary shares of £1 and 2,000 founders’ of 1s. 
Sheet metal workers, etc. Permanent directors: T. P. 
Leech, H. R. Brain and Mrs. A. C. Wright. 

Lithauer, Limited, 27, Chancery Lane, London, 
W.C.2.—Capital £2,000 in £1 shares. Metal merchants. 
Directors: Ira J. Lithauer and Isaac J. Lithauer. 

Parker, Winder & Achurch, Limited.—Net profit, 
£3,215: brought forward. £6.063; further dividend on 
ordinary, 10 per cent. per annum, making 7} per cent. 
for year, less tax; carried forward, £6,191. 

Proprietors of Rapsib, Limited.—-Capital £100 in 1s. 
shares, to acquire an invention for the manufacture 
of a_ solution for removing scale, rust, ete., from 
boiler plating and tubes, ete. Solicitors: Perowne & 
Company, 7, Great James Street, Bedford Row, Lon- 
don, W.C. 

Samuel Heath & Sons, Limited.—Profit, £10,690; 
brought forward, £12,108; available, £22,798; interim 
preference dividend, 6 per cent., less tax, £815; final 
preference dividend, 6 per cent. per annum, less tax, 
£843; ordinary dividend, 15 per cent., free of tax, for 
year, £5,100; general reserve, £10,000; carry forward, 
£6,039. 

Scottish Tube Company, Limited.—Balance at credit 
of profit and loss account, £41,755; brought forward. 
£19,054; debenture interest, £3,294; redemption of 
debenture stock, £11,715; depreciation, £15,000; in- 
terim dividend on preference, 5 per cent. per annum, 
£7,500; final preference dividend, 5 per cent. per 
annum, less tax, £7,500: ordinary dividend, 5 per 
cent. per annum for year, less tax, £16,178: carried 
forward, £11.336. 

S. M. Wilmot & Company, Limited, 55, Victoria 
Street, Bristol.—Capital £40,000 in £1 shares (10,000 
8 per cent. cumulative preference, 25,000 ‘‘ A’’ ordi- 
nary, and 5,000 ordinary). Iron manufac- 
turers. 

Stewarts & Lloyds, Limited.—Net profit, £522,077; 
depreciation, £70,000; brought forward, £185,816; in- 
terim dividend, £59,000; reserve fund, £100,000; em- 
ployés’ benefit resgrve, £10,000; usual half-yearly divi- 
dends on preference and preferred ordinary shares; 
dividend for year, 2s. per share on deferred shares 
(free of tax); bonus, 6d. per share on deferred (free 
of tax): carried forward, £150,132. 

Suffolk tron Foundry (1920), Limited. 
dividend, 10 per cent. for year. 


Ordinary 


Obituary. 


Mr. Jous Locan, J.P.. ex-Provost of Troon, died 
at his residence, “ Ardneil.”’ on Thursday, March 22. 
at the advanced age of 90° years. He was 
associated with the town from his early manhood 
as the representative of William Baird & Company, 
Limited, of Gartsherrie. 

Mr. J. E. H. Crarke, head of Hannah & Clarke, 
Limited, iron and steel merchants. Barrow-in-Furness, 
died on March 26 at Hollow Oak, Haverthwaite. 
North Lancashire. Mr. Clarke was 75 years of age. 
and was one of the pioneers in the trade development 
of Barrow and the Furness district. 


Personal. 


Mr. E. J. Curistian has been elected a director 
and appointed general manager of Sutcliffe Bros. & 
Bryce, Limited, Globe Works, Godley, near Man- 
chester. 

Mr. A. B. Kann has been elected to the position 
of managing director of the Minerals & Metals, 
Limited, 4, Lloyd’s Avenue, London, E.C.3, from 
which address. he will liquidate his own firm. The 
company will carry on the same business as_ that 
hitherto carried on by Mr. Kann. 
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IRON AND STEEL MARKETS. 


. 
Pig-iron. 
MIDDLESBROUGH. Business in the Cleveland 


iron market has been virtually suspended over the holi- 
day period, and, indeed, considering the conditions 
of scarcity at present existing producers must welcome 
a temporary cessation of the difficulties of meeting 
demands. There is at the moment no prompt iron in 
the market, while any odd parcels offering are promptly 
absorbed on practically sellers’ own terms. Quota- 
tions, consequently, are stronger than ever. No. 3 
G.M.B., now ruling at from 127s. 6d. to 130s. per 
ton, with No. 1 quality at about 132s. 6d.; No. 4 
foundry 125s.. and No. 4 forge nominally 122s. 6d. 

The East Coast hematite position continues  strin- 
gent, many prompt lots obtainable readily realising 
127s. 6d., and as much as 130s. is stated to have 
been paid. For April-May delivery the price is ex- 
tremely firm at 127s. 6d., but it is possible here and 
there to effect business for June at a discount of 1s. 
to 1s. 6d. per ton. The No. 1 quality is at a premium 
of 1s. to 1s. 6d. per ton. There has been no change 
in quotations for West Cumberland and North Lan- 
cashire iron, Bessemer mixed numbers remaining firm 
at £6 15s. to £6 17s. 6d. per ton delivered at Glasgow, 
Sheffield and Birmingham, and at £7 for export. Low 
phosphorus iron is in brisk request at prices varying 
according to analysis. 

MANCHESTER.—For obvious reasons, buying in 
this market is only on a very limited scale, local 
founders being reluctant to place orders at current 
rates. with No. 3 foundry quality quoting 125s: per 
ton, delivered, as the lowest price for Midland makes, 
although this is moderate as compared with the sell- 
ing figures for the same class of iron in Cleveland or 
in Scotland. The demand here for Scotch and hema- 
tite iron is very poor, but this is mainly because 
founders find the cost too much for them. Scotch 
No. 3 was quoted last in Manchester at £7 per ton, 
and West Coast hematite would cost £7 5s. It might 
be possible to buy East Coast hematite at £7 de- 
livered in Manchester. 

THE MIDLANDS.—Local smelters are still ham- 
pered by the prevailing fuel conditions, which effec- 
tually prevent any increase in the output of iron, some 
furnaces, is is understood, being now reduced to slack 
blast. It is reported, however, that some stocks of 
iron which were held off the market while prices were 
sO unremunerative are now being released. This 
should help to relieve the stringency, which recently 
had been keeping the finishing trades slacker than 
they should have been, having regard to their con- 
tracts. In this district, however, pig-iron is very diffi- 
cult to buy. Some of the Northamptonshire makers 
are ‘‘off the market,’ and the quotation is largely 
nominal. Derbyshire forge is very scarce, and there 
is little foundry on offer, the quotation for which 
ranges up to 120s., and is firm at shat. 

SCOTLAND.—Movements in the Glasgow iron 
market of late have been chiefly confined to satisfy- 
ing a moderate home demand, while some fairly sub- 
stantial tonnages have also been shipped from Clyde 
ports, including a cargo of 6,000 tons for the Pacific 
coast. This business was negotiated some time ago, 
but the advance in values here since then has stopped 
the placing of more orders. The price of Scotch iron 
is unchanged at £6 f.o.t. furnaces, and £6 5s. f.a.s. 
Glasgow for No. 3 iron. Two more local furnaces 
have been blown in on hematite, bringing the total in 
operation on this quality up to 13. There is an active 
demand for hematite due to the steelworks being 
busier, and the dearth of basic, which is practically 
unobtainable. 


Finished Iron. 


Manufacturing activity having been suspended over 
Eastertide there is very little fresh to report in 
finished iron, for which quotations meantime remain 
unchanged. Demand all round continues fairly active, 
but works are now a good deal hampered by the diffi- 
culty of obtaining supplies of raw material, owing to 
the restricted output of pig-iron at many of the Mid- 
land furnaces. Makers of marked bars are in a fairly 
favourable position for orders, and, owing to the 
absence of Continental competition, works producing 
the lower grade qualities are also secured of sufficient 
employment for some time to come. With regard to 
future price movements, it is regarded as highly 
probable that some readjustments may materialise at 
the forthcoming quarterly meeting next week, owing 
to recent advances in pig-iron quotations. In the cir- 
cumstances now existing it is considered unlikely that 
expiring contracts for finished material will be re- 
newed with the freedom that characterised business at 
the previous quarterly meeting. 


probability, made an unfavourable impression. 


Steel. 


Continued activity may again be reported in most 
sections of the steel industry in which market con 
ditions are strongly maintained. At Sheffield the de- 
mand for semi-products continues on an expanding 
scale, both Bessemer and Siemens acid billets being 
advanced to £13 per ton, while basic billets 
quotations are now as follows :—Hard, £10 10s. 
to £10 15s.; medium, £10 5s. to £10 10s.; 
soft, £10. The demand for soft billets is ex 
ceptionally heavy. and orders are actually being 
turned down. The call for open-hearth steel is such 
that plants are kept running continuously, but crucible 
steel. though it is improving, lags far behind. There 
is a growing demand for motor and railway steel. 
while makers of steel for edge tools report gratifying 
activity. Inquiries are coming in from the Continent, 
while India is sending a succession of orders, and a 
fair number is coming in from the Dominions. In 
the alloy market considerable American activity is 
shown in ferro-manganese, and prices there have 
advanced for both domestic and imported material. 
Outputs are booked up to August in many cases, and 
the world shortage of ferro-manganese is becoming 
increasingly evident. The position in regard to tin- 
plates shows no material change on the week. Many 
works are completely off the market altogether, while 
others are asking all sorts of fancy prices for forward 
delivery, 24s. 6d. having been paid last week, with 
current quotations about as follows :—Coke tinplates : 
IC, 14 by 20, 112 sheets, 108 Ibs.. 24s. 6d. to 26s. 
per box ; IC, 28 by 20, 56 sheets, 108 lbs., 25s. to 27s. 
per box, option of lights and crosses as per schedule, 
f.o.b., Bristol Channel ports net cash. 


Scrap. 


Business in scrap material during the past week 
has of course, taken a quieter turn, and as far as 
prices are concerned there has been no change 
marked. In Scotland, however, the foundries con- 
tinue to clamour for deliveries of cast-iron scrap, and 
are finding that supplies are difficult to secure. As a 
general rule, sellers are confining their efforts to sup- 
plying their old customers with what they can get, 
but even in such cases deliveries are only of a spas- 
modic nature. Machinery scrap and railway chairs 
run about 110s., and ordinary cast-iron scrap 102s. 6d. 
Light metal and furnace firebars are now up to 85s. 

In South Wales heavy steel scrap is offered at figures 
between £5 and £5 10s. Bundled steel scrap and 
shearings are very firm at 87s. 6d. to 100s., according 
to quality and methods adopted in bundling. . Steel 
turnings are not offered in large quantities in spite of 
the demand. Good parcels command 90s. and upwards. 
Mixed wrought-iron and steel scrap for basic furnaces 
has a strong demand, and good heavy is firm at 87s. 6d. 
to 95s. Light suitable for bundling is offered at 55s. 
to 60s. Heavy cast-iron in furnace sizes has a mode- 
rate demand at 85s. and upwards, while that for good 
machinery scrap in foundry sizes in small at 85s. to 90s. 


Metals. 


Copper.—There has been a decrease in buyers’ 
activity in standard copper during the past week 
owing to holiday influences, and a consequent tendency 
to lower prices. American consumers appear now to 
be well covered, and are not buying so freely. A fair 
business has been done lately for France, while Ger- 
many also has shown a little interest in the market. 
Manufactured copper remains firm. 

Tin.—Heavy realisations and some influential sell- 
ing have developed an irregular tendency in tin, with 
erratic price fluctuations day by day, the tendency of 
values being mostly towards lower levels. The un- 
certainty which surrounds the position in regard to 
the Government stock in the East tends to hamper 
the normal development of the market. Many rumours 
are current as to how these stocks will be, or for 
that matter have already been, dealt with. but no 
definite information is available. 

Speiter.— The market for this metal continues quiet, 
with values indicating a weaker tendency. Messrs. 
Rudolf Wolff & Company report that the galvanised 
sheet trade has been quieter, and demand from con- 
sumers has been on a comparatively narrow scale, 
whilst metal has been offered with a little more free- 
dom from the Continent. 

Lead.—The market for soft foreign pig continues 
quiet and featureless, with prices showing a decline. 
The reactionary tendency which has affected metal 
markets generally has doubtless also influenced lead. 
while the dispute in the building trade has. in all 
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MACNAB CO. 


Tabor Patent 
Portable 
Combination 
Shockless Jarring 


Roll = over 


AND 


Pattern - Drawing 


Box and Mould—after being Rammed— 


in position of being Rolled over 


MOULDING MACHINE 


Capacities and 
Dimensions furnished 
upon application. 


We make various models and sizes 
for all types of machine moulding, 
according to class of work and 


numbers. The Finished Mould—showing Pattern 


after being drawn. 


Send us Drawings of your work for Specific Expert Advice, according to your 
conditions and quantities. 
W.C.1. 


56/8, Eagle Street, Southampton Row, London, 


Works : TOTTENHAM, LONDON, N. 17. 


J 


SQ © WAS 


| 
| 
Zay 
|| || | 


é 


Standard cash @ 
Three months 4 
Electrolytic .. .. 83 0 0 
Best selected .. .. 79 0 
Sheets .. .. ..106 0 
India 
Wire bars 0 


ar. 

May .. .. 8 
bars 
H.C. wire rods cae 
Off. aver., cash, Feb. 67 
Do. 3 mths., Feb. 68 
Do. Settlement Feb.67 
Do. Electro, Feb. 74 
Do. B.S., Feb. .. 72 6 
Aver. spot price, 


copper, Feb. 
Do. Electro, Feb. 75 0 9 
Solid drawn tubes 143d. 
Brazed tubes... .. 14}d. 
Wire ee 114d. 
Yellow metal rods... 74d. 
Do. 4x4 Squares .. 
Do. 4x3 Sheets .. 10d. 
BRASS. 
Solid drawn tubes .. 13d. 
Brazed tubes . mS 14}d. 
Rods, drawn .. 114d. 
Rods, extruded or rolled 74d. 
Sheets to 10 w. Lid. 
Wire lid. 
Rolled metal... 104d. 
TIN. 

Standard cash ..219 0 0 
Three months 15 O 
English .. .. ..219 0 O 
Chinese .. .. ..219 0 © 
Straits .. .. ..229 0 O 
Australian .. ..223 10 @ 
Eastern .. .. ..229 0 O 
Banca... 223 0 


Off. aver., cash, Fe b. 190 12 02 
Do. 3 mths., Feb. 192 7 5} 
Do. Sttlment,Feb. 190 IL 43 

Aver., spot, Feb. ..190 10 44 

SPELTER. 

Ordinary wae 

Remelted 

Electro 99.9 .. .. 43 0 O 

English .. .. .. 3615 0 

India .. 3010 0 

Prime Western .. 3610 0 

Zine dust 


Zincashes .. .. 14 0 O 

Off. aver., Feb. ..35 8 9 

Aver., spot, Feb. .. 35 12 2 
LEAD. 

Soft foreign ppt ..28 5 0 

English .. 5 


Off. average, Fe b. 28 6 54h 
Average, spot, Feb. 28 10 43 
ZING SHEETS, &c. 


Zine sheets, English 43 0 0 
Do. V.M. ex whf. 43 0 0 


Boiler plates .. 41 0 0 
Battery piates 42 0 0 
ANTIMONY. 


English regulus  .. 30 10 0 
Special brands .. 3615 0 


Chinese .. .. .. 2710 O 
Crude ne - 20 0 O 
QUICKSILVER. 
Quicksilver co 


FERRO-ALLOYS AND 
STEEL-MAKING METALS. 
Ferro-silicon— 
45/50°% 10 0 
75% ee - £20 0 
Ferro-vanadium— 
35/4094 16,9 to 17/- 1b. va, 
Ferro-molybdenum— 
70/75% c. free 9/61b. mo 
Ferro- 
23/25°4, carbonless 1/1 Ib. 
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WEEKLY 


PRICE CURRENT, 


Ferro-phosphorus, 
£27 lwo 

Ferro- -tungsten— 

80/85%, carbon free 1/54 Ib. 
Tungsten metal we 

98/99% .. 1/10$Ib. 
Ferro-chrome— 

4/6% car... .. £23 10 

6/8% car. .. .. £22 10 

8/10% car. oo £21 10 
Ferro-chrome— 

Max.2% car. .. £52 0 

Max.1% car. .. £62 

Max. 0.70% car. £72 

67/70%, carbonless 1/64 Ib. 
Nickel—99%, 

cubes or pellets .. £130 0 
Cobalt metal—98/99% 12/-Ib. 
Aluminium—98/99% £105 
Metallic Chromiym— 

96/98% .. .. 4/61b. 
Ferro-manganese (net)— 


76/80%, loose .. £16 
76/80%, packed. . £17 
76/80°, export .. £16 


Metallic manganese— 
94/96°,, carbonless 2/- Ib. 
Per ton unless otherwise 

stated. 


HIGH-SPEED TOOL STEEL. 


Finished bars, 14% 
tungsten .. 

Finished __ bars, 
tungsten .. 3 0 


Per lb. net, d/d buyers’ works. 


Extras— 
Rounds and squares 
3 in. to 8 in. Ib, 
Rounds and squa 
under in. to in. Ib. 
Flats under 1 in. by 
2 in. to } in. by } in., 
and all sizes over four 
times in width over 
thickness 
Bevels of approved 
sizes and sections.. 6d. lb. 
If incoils.. .. 3d.1b, 
Bars cut to length 10% extra 


Scrap from high-speed 
tool steel— 
Scrap pieces .. .. 3d. 
Turnings and swarf .. 1d. 
Per lb. net, d/d steel makers’ 
works 


SCRAP. 


South Wales—£ s. d. £s. d. 
Heavysteel 500 510 0 
Bundled steel 

&shrngs. 476 5 0 O 
Mixed iron 


&steel..4 7 6 415 0 

Heavy cast 

iron 5 0 47 6 
Good machinery for 

foundriest 5 0 410 0 
Cleveland— 

Heavy steel 412 6 

Steel turnings 3 7 6 

Cast-iron borings 3 7 6 

Heavy forge 5 5 0 

Bushelled scrap.. 4 12 6 

Cast-iron scrap .. 5 2 6 


Lancashire— 


Cast-iron scrap .. 5 0 O 
Heavy wrought.. 5 0 0 
Steel turnings 312 6 


London — Merchants’ buying 
prices delivered yard. 
Copper (clean) .. 67 
Brass (clean) .. 38 0 
Lead (less usual 
draft).. .. .. 25 0 
Tealead .. .. 23 0 
New aluminium 
cuttings .. .. 70 0 
Braziery copper 57 0 
Gun metal .. .. 50 O 
Hollow pewter ..180 0 
Shaped black 
pewter .. ..100 0 


eooo 


PIG-IRON. 


N. E. Coast— 


Foundry No. 1 
Foundry No. 3 
Forge No. 4 
Mottled .. . 
Hematite No. 1 
Hematite M/Nos. 


Midlands— 


Staffs. common 
»» part-mine forge 
» foundry 
», Cold blast, ord. 
wa roll iron 


basic 


Northants forge 


» foundry No. 3 
>, basic 


Derbyshire forge 


foundry No. 3 
»» basic 


Scotland— 


Foundry No. 1 
No. 3 
Hematite M/Nos. 


Sheffield (d/d district)— 


Derbyforge .. 
» foundry No. 3 
Lines. forge .. 
» foundry No. 3 
>, basic 
E.C. hematite 
W.C. hematite 


All d/d in the district. 
Lancashire (d/d eq. Man. 


Derby forge 

» foundry No. 3 
Northants foundry 
No.3 .. 
Cleveland foundry 
No. 3 


Staffs. foundry No. 3 
Lines. forge .. 

» foundry No. 3 
Dalzell, No. 3. 
Summerlee, No. 
Glengarnock, No. 3 
Gartsherrie, No. 3 . 
Monkland, No. 3 


132/6 
127/6 
122/6 
128/6 
127/6 


190/- 
200/- 

95/- 
105/- 
105/- 

97/6 
115/- 
115/- 


125/- 
120/- 
130/- 


105/- 
138/6 
105/- 
113/9 
130/- 
137/9 
136/3 


137/- 
137/- 
137/- 
137/- 
137/- 


FINISHED IRON & STEEL. 
Usual District deliveries for 


tron; delivered consumers’ 

station for steel. 

Iron— 
Bars(cr.) £12 to12 10 0 
Angles... . 12 56 0 
Tees to 3 united 

Nut and bolt 
Hoops 1 0 0 
Marked bars 

(Staffs.) .. .. 14 0 0 
Gas strip £12/5 to 12 10 0 
Bolts and nuts, 

Zin. X 4 in, 20 10 0 

Steel— 

Ship plates... .. 1010 
Boiler plates .. 14 0 O 
Chequer plates .. 11 5 0 
Angles 
Channels .. .. lO WW O 
Rounds & squares 

3 in. to5pin... 12 5 O 
Rounds under 

3in.togin. .. 12 0 0 
Flats, over 5 in. 

wide andup .. 12 10 0 
Flats, 5in.tolfin. 11 15 
Rails, heavy « WM O 
Fishplates .. .. 14 10 0 
Hoops (Staffs.).. 13 0 0 
Black sheets, 24g. 14 10 
Galv. cor. sheets, 

24 g. .19 0 0 
Galv. fencing wire. 

8g.plain.. .. 18 5 0 
Rivets, }in.dia. 14 15 0 
Billets,soft £9/10to 10 0 
Billets,hard.. .. 10 15 O 
Sheet bars .. .. 10 O O 


Strip oe 1 4 
Sheet os 1 
Wire 1 
Rods L 33 
Tubes ° 1 
Castings .. 1 
Delivery 3 cwt. free to any 
town. 


10% phosphor copper, £40 
above price of B.S. 

15% phosphor copper, £50 
above price of B.S. 

Phosphor tin (5%), £30 above 
price of English ingots. 


CuarLEs CuiFForD & Soy, 
LimItED, BIRMINGHAM. 


NICKEL SILVER, SHEET 
METAL, WIRE AND TUBES. 


Per lb. 
Ingots for raising 9d. to 1/3 
Rolled— 
To 9 in. wide 1/3 to 1/9 


To 12 in. wide 1/3} to 1/9} 
To 1l5in. wide 1/4 to 1/10 
To 18 in. wide 1/4} to 1/102 
To 21 in. wide 1/54 to 1/114 
To 25 in. wide 1/6} to 2/0} 

Ingots for spoons 
and forks 


9d. to 1/3 
Ingots rolled to 


spoon size .. 1/- to 1/6 
Wire round— 
3/0tol0G... 1/64 to 2/14 


with extras according to gauge 


AMERICAN IRON & STEEL. 


At eines” unless otherwise 
tated. Dols. 


No. 2X Phila, 33.14 
No. 2 foundry, Valley 31.00 
No. 2 foundry, Birm... 27.00 
Basic .. o 32.77 
Bessemer 
Malleable .. .. «- 32.77 
Grey forge ° 

-mManganese 80% 

delivered 

Bess, rails, h’y, at mill 43.00 
O.-h. rails, h’y, at mill 43.00 
Bess, billets ++ «+ 45,00 
O.-h. billets 45,00 
O.-h. sheet bars 45.00 
Wire rods .. .. 50.00 


Iron bars, Phila. 
Steel bars .. .. .. 2.36 
Tank plates oo ce 2.35 
Beams, etc. 2.35 


Skelp, grooved steel . 2.35 
Skelp, sheared steel . 2.35 
Steel hoops 3.30 


Sheets, black, No. 28 3.7 
Sheets, galv., No.28.. 5.00 
Sheets, blue ‘an’l'd,9&10 3.00 
Wire nails .. .. .. 2.80 
Plain wire .. . 7 2.65 
Barbed wire, galv. wh 3.45 
Tinplate, 100-lb. box $5.50 


COKE (at ovens). 
Welsh foundry ..40/- to 
» furnace ..30/-to 35/- 
Durham & North. fdy... 45/- 
» furnace .. .. 38/- 
Other Districts, foundry 45/- 
» furnace .. 33/- 


TINPLATES. 

f.o.b. Bristol Channel eee. 
1.C.Cokes, 20 x14,box 2: 25/33 
28 X20, 5, 

” 20 x10, ,, 

»  18}x 14, 


c.W. 20 x 14, ,, 
” 28 x 20, ,, 
20x 10, ,, 

18} x 14, ,, 


Terneplates28 x 20, ,, 


ai AF 
Gas . 
Wate 
basis. Ba 
rs, 
siz 
Rolle 
As 
Nail 
He oe Sq 
Keg 
Fagg 
Bloo 
Su 
: 
— 
Cents. 
47/- 
33/3 
24/- 
45/6 
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TUBES. Billets— Electrolytic Copper. Zinc Sheets (English). 

Up to and Single and double Mar. 28 81 0 O dec. 10-3 28 43 0 O Nochanze 

incl. 6 in. welded .. .. £13 to £14 210 ine. 30/- 29 43 0 
Gas .. % \ Tube prices Pig-iron— — : ~~ 
Water 24% are | Grey, white or — April + — = 
Steam ..474%J now free. mottled £6 15 to£7 5 0 3 83 0 0 ine.  10/- 43 0 O No change 


SWEDISH IRON. without engage- Spelter (ordinary). 
ment. quotations aref.o.b. Mar. inc, 60/- Mar. 28 3512 6 ine. 
to £23 Gothenburg, net cash against ,, » 2 376 ,, 
22 2 documents there. » 30 30 
Assortment .. DAILY FLUCTUATIONS. April : April 2 - 
Nail Rods— 7 Standard Copper (cash). « 220 0 No change » 3 36 2 6 de 
Square, round 5 Tin (English ingots). Lead (English). 
and flats ol ae 10 O Mar. 28 7: 6 ine. 12/ Mar. 28 216 0 © inc. 60/- Mar. 28 29 5 0 inc. 3/- 
Keg Steel nom, £38 to £40 » 29 6 29219 0 ,, 60/- 29 29 5 O Nochange 
Faggot Steel nom. £30 to £32 30 
Blooms— April 2 hon 
Single welded .. £10 to £11 99 3 0 ine. p 219 0 O No change 3 ¢ 5 ONo change 


HEMATITE MIXED NUMBERS. 


Yearly 
__| Average. 


March. April Mav. July Angust. | Sept. 
a. 


42 


tom 


OM SEAS 


we 


Oke 


~ aed 


eee 

. 


= : A. 


SW 


7 
4 
0 
9. 
0 
6 
6. 
9. 
0 
6 
6 
6 
9. 
4 
Oo. 


co 
eho 


| 


occ 


WILLIAM JACKS COMPANY, 


WINCHESTER HOUSE, OLD BROAD ST., LON DON, E.C.2. 


18, BENNETTS HILL, BIRMINGHAM. 


11, OLD HALL STREET, LIVERPOOL. REOSTERED TRADE ogy 1, HONG KONG ROAD, SHANGHAI. 
EXCHANGE BLDGS., PORT TALBOT. 31, RAFFLES PLACE, SINGAPORE. 
5, MURZBAN ROAD, BOMBAY. Vi ah \S> JAVA STREET, KUALA LUMPUR. 
1, LALL BAZAR, CALCUTTA. OS Uy, AS 5, SHAFFRAZ ROAD, RANGOON. 

ANGAPPA NAICK STREET, MADRAS. SS COX’S BUILDINGS, KARACHI. 


PIG TRON 


SCOTCH, MIDDLESBRO’, HEMATITE, BASIC, SPECIALS, &c., 


IRON & STEEL SCRAP 


COPPER, TIN, LEAD, SPELTER, ANTIMONY, CHROME ORE. 


WILLIAM COLVIN COMPANY, 


MIDDLESBROUGH. 


GLASGOW. 


lb, 
Asis, 
4 
4} 
34 
2 
any 
£40 
£50 
™ AVERAGE MONTHLY PRICES OF WEST COAST i ae 
ve 
ec, 
Soy, 1885 .. 44 
1887 .. 49 9... 42 
1888 .. 44 
EET 1889 44 
BES. 1890 .. 76 
1891 .. 52 54 58 5 
b. 1892 47 47 82. 49 
1/3 1893 .. 46 -- 46 1).. 48 23 
1894 .. 45 46 g.. 45 
1895 .. 42 43 3 
» 1/9 1896 47 47 45 
1/9} 1897 .. 51 -- 50 6 .. 48 14 
1/10 1898... 48 9 .. 48 47 11., 48 2 
1899... 59 1.. 59 06:10 .. 52 1b 
1900 .. 75 76 73 68 5 
/1llg 1901 .. 60 2.. 59 -- 68 4.. 78 8 
2/04 1902... 56 1... 57 567... 58 7h 
1903... 58 5 .. 58 -- 59 0.. 59 6 
1904 .. 52 53 oe oz 4.. 56 8} 
1/3 1905 .. 57 Ok 56 -» 55 114.. 53 54 
1906... 70 4 70 60 5} 
1907 .. 77 9 -- 78 8h.. 67 5 
1/6 1908 62 74 4 
1909 .. 51 57 7... 59 
2/14 1910 .. 64 GL 4... 58 
1911 .. 66 66 64 6 .. 65 6 .. 65 4 
auge 1912 .. 67 67 6110 .. 64 63 1 
1913 .. 86 86 85 86 6.. 75 9} 
1914... 64 65 71 0.. 68 0... 65 78 
1915 78 "100 71 0... 65 69 92.. 66 10} 
wise 1916 ..135 6k. .113 3 
ols. 4087 "127 6 11197 6 11187 6 Bt 
‘ 1919 1127 6 1.127 6 11127 6 11127 6 
3.14 -127 204 6 4 
3. ore --204 6 ..204 6 ..204 6 ..174 7 
1.00 192) "308 295 0 ..295 0 ..295 0 ..280 ..284 11} 
1921 - ..128 6 ..121 5 
7.00 o2 -.125 117 2 | 8 21 0 ..115 6 ..167 9% 
-.105 —..105 0 ..106 3 ..110 0 ..112 13 
2.77 | 
2.77 
2.27 
0.00 
3.00 
3.00 
5.00 
5,00 
5.00 
0.00 
nts. 
2.82 HH 
2.35 as oa 
2.35 
2.35 
2.35 ss 
aa . 
2.35 a5 ae 
3.75 ae 
5.00 ae 
3.00 aa 
an 
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THE FOUNDRY TRADE JOURNAL. 


Aprit 5, 1923. 


SMALL ADVERTISEMENTS. 
Notice. 


Small Advertisements in this section of the 
Journal are accepted at the prepaid rate 
of 6d. per line, first line in capitals counting 
two, average 7 words per line. Minimum 
charge for one insertion 3/-. 

SITUATIONS VACANT AND WANTED. 

y ETALLURGIST, 10 years’ Steel-making experi- 

- ence, Ingots, Castings, all grades Carbon and 

Alloy Steel. Manganese Steel, desires post.—Box 406, 

Offices of Tite Founpry TRapeE JOURNAL, Bessemei 

Ilouse, 5, Duke Street, Adelphi, London, W.C.2. 

JOUNDRY SALES REPRESENTATIVES wanted 
by Midland Llronfounders specialising in Railway 

Wagon and General Repetition Work. Commission 

iasis: liberal terms.—Address, with full particulars of 

age, experience and results, to Box 408, Offices of THe 

Founpry Trape JourNAL, Bessemer House, 5, Duke 

Street, Adelphi, London, W.C.2. 

AGENCIES. 

By NGINEER, Smart Traveller, residing Manchester, 
is open to Sell Pig-iron in Lancashire, Cheshire 

and Sheffield for British Maker of Foundry Brands.— 

Address, Box 402, Offices of Tit Founpry TRADE 
Journal, Bessemer House, 5, Duke Street, Adelphi, 
London, W.C.2. 


PROPERTY. 
Tie Hunter & Wardell, Ltd. 
POTTER STREET LRONWORKS, WORKSOP. 


TO BE SOLD BY PRIVATE TREATY, .AS A 
GOING CONCERN, 

THIS OLD-ESTABLISHED AND REMUNERA 
TIVE BUSINESS, SPECIALISING IN CASTING 
AND FOUNDRY WORK, 
having extensive connection with local Collieries, 
Councils and Agriculture. The large and well-equipped 
Modern Foundry, ample Machinery Erecting and other 
Shops, are fitted with up-to-date Machinery, and the 
spacious SHOWROOM has a commanding frontage of 

7! ft. to the main Worksop and Retford Road. 

The FREEHOLD SITE contains 3,560 square yards, 
and there is ample room to couple up this present 
flourishing Foundry with Motoring, Engineering, or 
other trades, as the substantial buildings are especially 
adaptable. 

For full particulars .and Schedule of Machinery, 
apply to Eapon & Lockwoop, F.A.1., St. James Street. 
Sheffield. 

YOR IMMEDIATE DISPOSAL, well-known FOUN- 

DRY AND ENGINEERING WORKS, situate 
within 20 miles of Charing Cross. The business has 
been established over a century, and in present hands 
over 22 years. Elderly proprietor, having no sons, 
wishes to retire. The Works are of substantial con 
struction, with about 24,000 super feet floor area, also 
ample draw-up and outside storage accommodation. 
Favourable lease would be grantee at £150 per annum. 
Modern Plant and Machinery : Founders in all Metals. 
especially Machine Castings. About 100 hands are 
employed, and there are ample orders in hand. Part 
purchase money may remain.- Further information 
from the Sole Agents: Henry Butrcner & Co., 
Auctioneers and Surveyors, 63 and 64, Chancery Lane, 
London, W.C.2. 


MACHINERY. 
ANTED.—Tabor Shockless ‘Turnover Moulding 
Machine. State price and condition.—Rvp6i. 
Ltp., Swan Village, West Bromwich. 


MACHINERY. —Continued. 


MACHINERY, PL«NT, &c. 
80 STEEL CISTERNS. 7 ft. x 5 ft. x 4 ft. deep: 


capacity about 875 gallons. 


LOCO-TYPE BOILER, barrel 4 ft. 7 in. long x 3 ft. 
diameter; reinsure 80 Ibs. pressure. 

LOCO-TYPE BOILER, barre! 7 ft. 6 in. tong x 3 ft. 
diameter; reinsure 80 lbs. pressure. 

ONE 250 K.W. MIXED PRESSURE ‘TURBO- 
DRIVEN GENERATOR, by Messrs. Parsons, Ltd. : 
Generator, 2,200 volts, 133/127 amps.. 2,700 revs. 

ONE 25 H.P. D.C. SHUNT-WOUND MOTOR, by 
Messrs. The British Westinghouse Co., Manchester : 
100 volts, 800/1,000 revs. : starter slide rails. 

TWO SIX-CYLINDER DIESEL ENGINE- 
PRIVEN GENERATING SETS, diam. of cylinders. 
19 in. stroke 14 in., coupled to 175 kw. Generator : 220 


volts, 450 revs. 


Catalogue of Stock Machinery, 6,000 Lots, 
Free on application. Inspection invited. 


THOs; W. WARD. LTD., 
ALBION WORKS, SHEFFIELD. 


5 ft. SAND MILL, as new. 
Two VERTICAL BOILERS, A Ruston, 13 ft. 9 in. 


high x 6 ft. 3 in. dia., 120 Ibs. w. 


Ditto, by Robey, 8 ft. x 3 ft., 80. ‘Tbs. w. 
100 h.p. VERTICAL HIGH-SPEED ENCLOSED 


STEAM ENGINE, by Belliss, 140 lbs. w.p. 


31 h.p. CROSSLEY GAS ENG INE, latest type. 
15 h.p. ELECTRIC MOTOR, 220 volts D. C., with 


starter. 


Weir Type BOILER FEED PUMP, 1,500 gallons 


per hour. 


Hind & Lund DRYING and MIXING MACHINE, 


heavy geared type; new condition 


HARRY H. GARDAM & CO., LTD., STAINES. 
TENDER SALE. 


CITY OF CARDIFF. 
OLD TRAMWAY MATERIAL, ETC. 


\o- HE Corporation invite Tenders for the following 


Scrap Material as it now lies in their respective 


Depots :—RAILS, POINTS, CROSSINGS. FISH- 
PLATES, CAST-IRON BLOCKS, etc. 


Schedules and Forms of Tender, with further par- 


ticulars, may be obtained from the City Engineer. 
at the City Hall, to whom Tenders (endorsed “ Scrap 
Material ’’) are to be delivered not later than the 


April, 1923. 


The highest or any Tender will not necessarily be 


accepted. 


CECIL G. BROWN. 
Town Clerk. 
City Hall, Cardiff, 
2nd April, 1923. 


PATENTS. 


NVENTORS Advice, Handbook and Consulta- 
tions Free. KING’S PATENT AGENCY, 


LIMITED, Director, B. T. King, Regd. Patent 


Agent, 146a, Queen Victoria Street, London ; 36 years’ 
references. 


MISCELLANEOUS. 


ILES.—Twenty tons of New Files by best 
American makers. Flat, Hand, Round, Square 


and Three-square in bastard; second cut and ’ smooth ; 
surplus stock; no reasonable offer refused.—Box 368, 
Offices of THe Founpry Trape JouRNAL, Bessemer 
House, 5, Duke Street, Adelphi, London, W.C.2. 


CUPOLA 


FOR LINING 
ORDINARY AND PATENT 


CUPOLA FURNACES| 


JOHN R. FYFE & CO., 
SHIPLEY, Yorks. 


2-TON MELTING PLANT—COMPLETE. 


THWAITES’ Cupola, 3 in. diameter, with charging plat- 
form, roof, 4-ton electric hoist, electrically-driven Roots’ 
Blower, complete with Motors, 440/480 volts D.C. Price, 
including motors and control gear, 


£200, f.o.r. London. 
Without electrical equipment £150. 


2-TON MORRIS Hand Travelling Crane, with about 60 feet 
of runway girders, span 4 feet (will alter if required), 
£50, f.o.r. Good as new. 


BELT-DRIVEN AIR COMPRESSORS. 


INGERSOLL, NEW and UNUSED, 464 ft. to 100 Ibs., £275. 
ROBEY, 2-stage, vertical, 1915, 400 ft. to 100 Ibs., £260. 
CHIC AGO, horizontal, 8 in. x 8 in., 80 ft. to 100 lbs., £55. 
REAV ELL, vertical, practically new, 50 ft. to 100 lbs., £42. 
REAV —. horiacntel, 2-cyl. opposed, 13 ft. to 100 Ibs., £20. 
All above good condition, and water- jacketed cylinders. 
100-lb. RECEIVERS, 15 in. x 5 . — £50; 23 ft. x 
3 ft., horizontal, £40; 5 x 24, £ 


ALEX. 
Foundry Machinery Merchant, 
“ BOXTED,” SLOUGH. 
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